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Abstract
The responses of two different commercial strains of broilers to diets varying in overall amino acid
levels and metabolizable energy levels were observed. Amino acid levels used were 80%, 90%,
100%, 110%, 120%, and 130% of Ross recommended minimum digestable levels of essential
amino acids. Energy levels used were either below or above Ross recommended metabolizable
energy levels. Diets were fed for 56 days. The two strains were a fast growing broiler strain and
a slower growing broiler strain. A selection of birds from each pen was processed at 35, 43, and
56 days of age. Average body weights, cumulative weight gain, cumulative feed:gain, carcass
weights and yields, parts weights, breast meat yield, and tender yield were negatively impacted
by reduction of amino acid levels. Abdominal fat weights and yields were increased when energy
levels were increased or amino acid levels decreased. Cumulative feed:gain was improved with
increased amino acids in both strains through 35 and 42 days of age, and was improved in slow
growing broilers through 56 days of age. Increased energy levels improved cumulative feed:gain
at all ages in both strains and increased body weight gains through 35 days of age in fast growing
broilers and 42 days of age in slow growing broilers. The results of this experiment suggest that
increasing energy and amino acid content of broiler feed, especially in early feed phases, can lead
to improved live performance. Increased energy can lead to higher abdominal fat %, but increased
amino acid levels can help reduce the percentage abdominal fat.
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Review of Literature
Determining Essential Amino Acid Requirements
Poultry nutritionists are continually searching for the optimal diet formulations for maximizing
broiler growth and performance. Major advances in broiler nutrition have come through research
in optimal amino acid concentrations in poultry diets.
Since the nutritionist W. C. Rose discovered the last of the common essential amino acids
[66, 58], much research has been performed to determine what concentrations are required in
poultry to achieve the best overall weight gain and feed conversion. Early research by Almquist,
Grau, and others [1, 4, 35, 3, 2, 43] showed that certain amino acids were essential for chicks.
These essential amino acids are arginine, histidine, tryptophan, lysine, methionine, isoleucine,
leucine, phenylalanine, threonine, and valine.
This work and others led to the first publication of the National Research Council’s report
on Recommended Nutrient Allowances for Poultry in 1944 [16]. Continual research on protein
requirements of poultry has led to many refinements and updates to these initial inclusion rates.
In 1953, Price et al.[62] analyzed the makeup of chicken carcasses to determine the retention
of essential amino acids by the chicken and to determine more accurate amino acid concentrations
for chicken feed rations.
In 1959, Fisher et al.[34] showed that chickens fed diets with only 16% crude protein grew as
well as those given 20% crude protein, provided that their diets were supplemented with appropri-
ate levels of Lysine, and that they were not previously nitrogen depleted.
In 1960, Klain et al.[52] used similar methods as Price et al.[62] to calculate amino acid con-
centrations for feed rations and constructed diets whose sole nitrogen source was free essential
amino acids and glutamic acid. The birds grew at an average of 9 grams per bird per day during
the second week after hatching. Further research by Klain et al. showed that while free amino
acids can be used to support good growth, the non-essential amino acids become limiting factors if
they are completely removed from the feed[51] and that a source of free nitrogen must be included
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in the feed along with the essential amino acids.
In 1965, Dean and Scott[20] performed experiments to refine the amino acid requirements of
chicks and determine if the levels suggested by Klain et al[52] as the requirements were higher
than truly required for optimal chick growth. They found that indeed, many of the concentrations
of amino acids in the diet that Klain et al[52] used were much higher than actually required for
optimal chick growth. Crude protein was also able to be reduced from 26.2% to 17.69%.
This Illinois Reference Standard was modified over the years [69, 10] as new research was
conducted. Edmonds et al.[29] used the version proposed by Baker et al.[10] in an experiment
to determine the limiting amino acids in a 16% crude protein corn and soybean meal diet and to
determine if supplementing that diet with amino acids could bring performance to the level of a
corn and soybean meal diet containing 24% crude protein. They found that even when supplement-
ing the 16% crude protein diet with amino acids to achieve similar concentrations as in the 24%
crude protein diet, performance did not increase to the level of the 24% crude protein diet, though
the chicks did perform significantly better than the unsupplemented chicks. They also determined
that the limiting amino acids in a 16% crude protein corn and soybean meal diet were methionine,
lysine, arginine, valine, and threonine.
Glycine Needs in Reduced Protein Diets
Klain et al[52] were not able to determine a required amount of dietary glycine and in one experi-
ment found no evidence for dietary glycine. However, Greene et al[36] found that while additional
dietary Glycine was not required for the chick to survive and grow at rates deemed acceptable by
Klain et al[52], chick growth and feed efficiency was improved with the addition of Glycine, mea-
sured at rates up to 2% of a diet whose sole nitrogen source was free amino acids at a rate of 31%
of the diet. The chicks fed a diet containing 2% glycine still did not perform as well as chicks fed a
control diet of soybean meal supplemented with glycine and methionine to reach a protein content
of 30%. Further research by Greene et al[37] found a need for 0.5% dietary proline in these diets.
Further research on reduced protein diets fortified with the deficient amino acids continued to
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find that while supplementing low protein diets with the deficient amino acids helped performance,
weight gain and feed efficiency were never up to par with high protein diets[33, 32, 31, 61].
Research from Han et al.[39] found that birds fed diets with reduced crude protein levels (19%
vs. 23%) could actually perform better than high protein diets if the low protein diets were sup-
plemented with the deficient amino acids and were provided glutamic acid. Further research from
Corzo et al.[15], Waldroup et al. [77], and Dean et al.[19] found that increasing the dietary level of
glycine allowed for diets low in crude protein but supplemented with the deficient amino acids to
provide similar performance as diets with high crude protein. This research provided evidence that
the NRC requirements of 1.25%[17] dietary glycine + serine were too low in diets where crude
protein has been reduced below the recommended 23%.
Expression as Ratios to Lysine
Much research on ratios of amino acids has been conducted since their discovery. Experiments
with rats by Jackson et al[48] showed that using gelatin, which is devoid of valine, glutamic acid,
and isoleucine[18], as a primary source of protein without supplementation of limiting amino acids
results in increased mortality and reduced weight, along with kidney failure and renal damage.
Hier et al[44] again attempted feeding gelatin diets to rats after the discovery of threonine and
had similar results. Singal et al and Harper et al [71, 73, 72, 40, 41] conducted research on how
amino acid imbalances, particularly excess amounts of threonine can cause an increase in liver
lipids in rats and also found that the lipid levels would return to normal after administering diets
with adequate amounts of all essential amino acids. Salmon[67] suggested that when amino acids
are imbalanced, the body attempts to excrete the excess amino acids, but the limiting amino acids
are also excreted to some extent, which makes them even more limiting. Further research by
Harper[42] showed how severely growth could be depressed from a deficiency in just one essential
amino acid. Research by Sanahuja et al.[68] and Leung et al.[56] with rats showed that, when
given the choice, rats would choose to consume a diet devoid of protein which would not support
growth over a diet that, while severely imbalanced, would permit some slow growth.
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Clearly, when designing commercial diets for poultry one must take all amino acids into con-
sideration. Due to issues such as these and for general convenience, expressing required amino acid
levels for optimal growth and performance as ratios to Lysine has become popular in the poultry
industry.
While this method may result in overfeeding some of the other essential amino acids [9] when
targeting feed conversion rates instead of growth[25] or when rearing male and female broilers
together[64, 65], the simplicity, along with extensive research on lysine requirements[30] make it
a very popular method.
Energy Requirements
It has long been known that chickens will consume feed to meet their dietary needs. Scott et al.[70]
demonstrated that diets higher in energy tend to result in better growth and feed efficiency. Further
research showed that as caloric density of the feed was increased the required protein content for
best performance also increased[55, 57, 21, 75]. Hill et al.[45] showed that while the chicken has
the ability to regulate its energy intake by consuming more feed when the diet is energy deficient
and less when it is energy dense, overall energy consumption is reduced when dietary energy level
is reduced. These studies also show that feed efficiency is reduced when diets are too low in energy,
as the bird will eat more feed to make up for reduced energy and the typically low protein that these
diets contain.
Donaldson et al.[22] demonstrated that feeding chickens diets high in energy and low in protein
will result in larger fat deposits as the birds eat more feed in order to meet some other nutrient re-
quirements. Research from Bartov et al.[11] on the effects of the calorie to protein ratio found that
feeding higher protein diets to broilers between 8-9 weeks old generally improved feed efficiency
and reduced overall fat content. They also found that they could create fatty or lean carcasses in
broilers by feeding decreased or increased protein levels within two weeks, and could reverse the
changes in two weeks as well. They did not find a connection between dietary oil content and
body fat as long as calorie to protein ratio was kept constant between diets. Griffiths et al.[38]
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conducted further research on the calorie to protein ratio and found that the calorie content of feed
had little impact on fat deposition, but increasing the calorie:protein ratio showed significant effect
in agreement with Bartov et al.[11]. They were not able to demonstrate a clear connection between
caloric density or calorie:protein ratio on overall body weight gain from 4-8 weeks and refer to the
ability of the chicken to vary its feed intake to obtain sufficient protein.
Robbins et al.[63] found evidence for a minimum energy requirement in the second week post
hatching of 2700 kcal ME/kg for Hubbard chicks even though previous research has suggested that
broilers can regulate their feed intake to obtain their nutritional energy requirements, and that the
source of energy may also be a factor as the broilers more effectively utilized dextrose than added
oil. They also found that Hubbard’s commercial broilers retained more of the dietary energy than
a leaner New Hampshire broiler. In addition, they found that the body fat content of male broilers
was dependent on dietary energy level independent of calorie to protein ratio, but the opposite was
true for female broilers. They also found that, when given a low energy diet (2100 kcal ME/kg),
males showed no change in energy retention between 16% and 23% protein diets, but female
broilers showed a reduction in energy retention.
In studying the effects of altering dietary energy content over the course of the growing period,
Necombe and Summers[59] found that when the diets given to broilers in the first six weeks post
hatch consisted of ME levels between 2401 and 3200 kcal/kg, overall average daily gain was
not affected by the energy content or by adjusting it. However, feed intake was affected, with
dietary energy level being negatively correlated with feed intake when the energy level was not
varied throughout the six week period. However, for broilers fed a low energy diet early on, the
introduction of a higher energy diet encouraged more feed intake without an increased weight gain
compared to the other treatments. They also found that broilers continually fed a low energy diet
consumed more energy in the final period of the experiment than broilers who only received low
energy diets in the final phase. This would suggest that when fed low energy diets, the broilers
adapt to be able to intake more feed, though they do not convert it into body weight. They also
found that broilers fed continually increased energy levels gained the most body weight, though
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their feed intake was also highest.
Research by Leeson et al.[53] found that dietary energy played no role in body weight for birds
fed a consistent energy ration for 49 days so long as feed was provided ad libitum throughout the
7 weeks. They also found that energy intake was constant in those broilers, but the broilers fed a
lower energy diet had reduced abdominal fat. When controlling feed intake, they found that lower
energy diets resulted in reduced growth and abdominal fat, but without affecting breast meat yields.
In a third experiment the broilers were allowed access to two different diets with different energy
levels. The measured energy intake of the broilers was also identical across the treatments and the
broilers that were offered the reduced energy diet as an alternative food source had reduced carcass
fat.
Kamran et al.[49] investigated the effect of reducing protein while holding calorie to protein
ratios constant in broiler diets from hatch to 35 days of age and found that overall weight gain was
reduced, feed intake was increased, and therefore feed efficiency was reduced as crude protein was
reduced, but that processing yields and carcass fat were not affected by the diet.
Effect of Bird Strain on Nutritional Requirements
In the experiments performed by Robbins et al.[63], changing energy levels had little effect on the
feed intake of New Hampshire x Colombian broilers, but the Hubbard x Hubbard broilers showed a
significant increase in feed intake when dietary energy was increased. In addition to this difference,
when energy was increased in the lighter breed, both sexes responded with an increase in weight
gain of 30%, but in the heavier breed the female’s gain increased by 42% while the male’s gain
increased by 90%.
Sterling et al.[74] observed that when Cobb and Ross broilers were fed diets containing 17%
crude protein but varying in lysine from 0.6% to 0.8% in the second and third weeks post hatching,
the Cobb broilers had higher body weight gains then the Ross broilers, but that as Lysine level was
increased the gap closed such that at 0.8% Lysine, the two strains showed no significant difference
in body weight gain. However, when fed diets containing 23% crude protein with lysine levels
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ranging from 0.7% to 0.9%, the two strains showed identical body weight gains at the lower lysine
concentration but as it was increased the Cobb broilers gained more body weight than the Ross
broilers. When examining feed conversion, the Cobb broilers also outperformed the Ross broilers
when both were fed low protein low lysine diets, but this difference closed as both strains had their
dietary lysine concentrations increased. Both strains performed similarly when fed the same lysine
levels at 23% crude protein.
In a study by Olanrewajuet al.[60] primarily focused on light intensity, Ross 308 broilers were
found to have significantly higher body weight and body weight gains than Ross 708 broilers from
day 14 through day 56, but also significantly higher feed intake from day 14 through day 56 with
feed conversion ratios not significantly different. In this experiment the Ross 308 broilers were also
found to have significantly higher mortality from day 14 through day 42. The Ross 708 broilers
were found to have a higher carcass yield, even though they were lighter in body weight. The Ross
708 broilers exhibited significantly less abdominal fat deposition in both gross weight and as a
percentage of carcass weight. The Ross 708 broilers exhibited significantly higher fillet yields but
significantly lower tender yields.
Dozier and Gehring[27] reported that Hubbard x Cobb 500 male broilers 28 day body weights
and day 14 to 28 body weight gains decreased linearly with an increase in ME (3,000 kcal/kg to
3,150 kcal,kg), and that day 14 to day 28 feed intake also decreased as ME was increased while
caloric conversion rates increased. They also reported that Ross x Ross 708 male broilers fed the
same diets showed no significant trends in day 28 body weights or day 14 to 28 body weight gains
but showed a linear decrease in day 14 to day 28 feed intake as ME was increased from 3,000
kcal/kg to 3,150 kcal/kg.
Modern Nutrient Requirements
The most recent revision of the NRC’s Nutrient Requirements of Poultry was published in 1994[17].
However, as the genetic potential of broilers is increased, new research is continually performed to
keep poultry nutrient requirements up to date.
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Currently, Aviagen’s broiler strain Ross 308 as hatched at days 35, 42, and 56 should weigh
2.144kg, 2.809kg, and 4.061kg respectively, with feed conversion ratios of 1.548, 1.687, 1.967[6]
while their strain Ross 708 as hatched should weigh 2.035kg, 2.678kg, and 3.910 kg at days 35, 42,
and 56 respectively, with feed conversion ratios of 1.527, 1.665, and 1.943[8]. The Cobb-Vantress
strain Cobb 500 is projected to weigh, as hatched, 2.067kg, 2.732kg, 3.958 kg at days 35, 42, and
56 with feed conversion ratios of 1.556, 1.705, and 1.964[13] and the Cobb 700 is projected to
weigh 2.023kg, 2.681kg, 3.933kg at days 35, 42, and 56 with feed conversions of 1.580, 1.730,
and 1.980[14]. A third breeder company strain is the Hubbard broiler, which is estimated to weigh
2.229kg, 2.885kg, and 4.075kg at 35, 42, and 56 days of age, with feed conversions of 1.57, 1.72,
and 2.00 at the same ages[47]. These numbers are based on the respective nutrition specifications
provided by these companies. Aviagen recommends starting the Ross 308 and 708 with diets con-
taining 3000 kcal/kg ME and 23% crude protein and by day 56 to have increased the ME levels to
3225 kcal/kg and decreased target crude protein to 17%[5, 7] whereas Cobb-Vantress recommends
starting their Cobb 500 broiler at 3035 kcal/kg ME and 21-22% crude protein levels and finish-
ing them at 3203 kcal/kg ME and 17-18% crude protein[13] and to use these same energy rations
for the Cobb 700, but with 1% higher crude protein and essential amino acid concentrations[14].
Hubbard recommends starting their broiler strain at 2900 to 2950 kcal/kg ME and 22% protein and
ending at 3150 kcal/kg ME and 17% protein[46].
Kidd et al.[50] studied the effects of high and moderate amino acid diets on Ross 708 broilers.
Minimum digestible amino acid values from Lemme et al.[54] were used as the basis for the high
amino acid density diets and decreased by 10% for the moderate diets. These diets were fed in
phases with final treatments of MMMMMM, HMMMMM, HHMMM, HHHMM, HHHHM, and
HHHHHH. No impact was detected at 5 days of age, but body weights were highest at day 14, 35,
and 45 for HH, HHH, and HHHM feed programs. No differences in body weight were detected
at day 55. Cumulative feed conversions at 5, 14, 35, 45, and 55 days of age were lower for H,
HH, HHH, HHHM, and HHHHH diets than for moderate only diets. Day 35 processing revealed
improvements in carcass weight, fat weight and proportion, breast weight, tender weight and yield,
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total breast meat weight and yield, and drumstick, thigh with back meat, and and wing weight for
broilers fed all high amino acid density diets. Broilers fed high amino acid density diets in the
first three phases and then HH or MM programs displayed the highest carcass yields at day 55,
and broilers fed all high amino acid diets had reduced abdominal fat proportion compared to all
broilers fed only moderate diets and broilers fed high density diets only in the first two phases.
Broilers who were fed high density diets after phase 2 but not through the final phase were found
to be intermediate. Tender weights and yields were higher in birds fed HHHHH and HHHHM
diets than those fed only moderate diets.
Dozier et al.[28] investigated the effect of feeding broilers a three phase diet vs a four phase
diet (commonly used so that the last phase can be lighter in nutritional content as a cost saving
measure) with both high and moderate nutritional density and found that the Ross 508 broilers
fed the nutrient dense diets had better weight gain and feed conversion through 35 days of age.
They failed to find any differences in performance between schedules between 35 and 46 days of
age, however, the more nutrient dense diets yielded higher body weights and body weight gain
with reduced feed conversion. During days 47 through 56, representative of the fourth phase, no
differences were found between the 3 and 4 phase schedules, however increased nutrient density
in both programs was found to significantly increase body weight gain in both schedules. They
failed to find a significant difference in carcass weights or carcass yields between schedules. Higher
nutrient density reduced abdominal fat proportion in the 4 phase diet, and increased nutrient density
yielded higher breast and tender weights in the 3 phase diet.
Dozier et al.[24] conducted research on the effects of energy and amino acid densities on Ross
708 broilers from 42 to 56 days of age. In the first experiment, diets were formulated to have
either NRC[17] recommended levels of energy (3,240 kcal/kg) or 3,140 kcal/kg and crude protein,
lysine, and sulfur amino acids at a typical industry level for 2.5 to 3.6 kg birds (16.2%, 0.88%,
and 0.75%) and at 110% of those levels (18%, 0.98%, and 0.83%). In the second experiment,
the same protein, lysine, and sulfur amino acid levels were used for high and moderate levels, but
energy was set at 3,220 kcal/kg for a moderate diet and 3,310 kcal/kg for a high energy diet. In
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the first experiment, as either dietary energy level or amino acid density decreased, feed intake and
feed:gain were significantly increased, while growth was not affected. Decreasing energy levels led
to increased breast weight and yield, but did not affect carcass yields, tenders yields, or abdominal
fat proportion. Decreased energy also resulted in increased caloric intake and reduced efficiency
of protein and amino acids consumed in regards to body weight, but not caloric intake per unit
of body weight gain or breast meat. Increasing amino acid level increased white meat yield and
decreased abdominal fat weight and proportion. The broilers fed moderate amino acid diets exhib-
ited increased caloric intake and caloric intake per unit of body weight gain, but decreased intake
of protein and amino acids per unit of body weight gain and breast meat. In the second experi-
ment, increased energy levels resulted in increased weight gain, decreased feed intake, and better
feed conversion. High amino acid diets resulted in reduced feed intake and improved feed conver-
sion. Carcass yields were reduced and abdominal fat weight and proportion increased when energy
levels were increased, but breast meat weight and yield were not affected. Increased amino acid
density resulted in increased breast meat weight and increased breast and carcass yields. The diet
with moderate energy levels and high amino acid levels had higher carcass yields than the moder-
ate/moderate diets. Increasing energy level improved caloric efficiency and protein efficiency but
did not affect caloric intake. Increased amino acid concentrations improved caloric efficiency but
reduced protein, lysine, and sulfur amino acid efficiency.
Vieira et al.[76] used average digestible amino acid to digestible lysine ratios used by Brazilian
poultry nutritionists as moderate amino acid concentrations and 13% above and below these values
as high and low amino acid values in diets fed to Cobb 500 males from 1 to 42 days of age. In
the 1 to 7 day and 1 to 21 day phases, moderate and high amino acid diets had significantly higher
body weight gain. Feed conversion was found to significantly differ between all three amino
acid concentrations with the high amino acid diet exhibiting the best feed conversion, the low
amino acid diet the worst, and the moderate diet in between. After day 21, high, moderate, or
low diets were assigned among the high, moderate, and low amino acid diets to study the effect
of changing dietary amino acid concentration. Broilers fed high amino acid diets in phase 1 and
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high or moderate diets in phase 2 had the best weight gain and feed conversion for the 1 to 35 day
period. These birds also had the best feed conversion through 42 days of age. Weight gain was
highest for the 1 to 42 day period for birds fed high or moderate amino acid diets in both phases.
Body weight gain was significantly reduced for birds started on low amino acid diets and given low
or moderate diets in phase 2, and feed conversion was significantly affected by the feeding of low
amino acid diets in either phase 1 or 2. Carcass yields were not affected by diet, but abdominal fat
proportion was increased by feeding low amino acid diets in either phase. Phase 1 diet did not have
a significant effect on breast meat yields, but moderate and high density diets in phase 2 resulted
in the highest breast meat yields, and tenders yield displayed a significant difference between the
high, moderate, and low amino acid diets in phase 2.
Zhai et al.[78] fed straight-run Cobb 700 broilers diets with high or moderate amino acid levels
over four feed phases. They found that the broilers fed high amino acid concentrations during the
first 14 days had a significantly reduced feed intake and weight gain compared to the broilers fed
moderate amounts. At day 28, the grower diet showed no effect on body weight, but broilers fed
moderate amino acid levels had increased feed intake and consequently, increased feed:gain ratios.
Broilers fed high amino acid diets in the grower phase had the lowest feed conversion ratios and
feed intake. No body weight differences were found at 35 days of age between any of the feeding
programs. Broilers fed moderate amounts of amino acids in the finisher phase once again exhibited
increased feed intake and feed conversion ratios. Broilers fed high concentrations of amino acids in
the grower and finisher phases had better feed conversion ratios than those fed moderate amounts.
At 56 days of age, broilers fed moderate amino acid levels had higher feed intake than those fed
high concentrations. Broilers fed high amino acid concentrations in the finisher and withdrawal
phases had better feed conversion ratios than those fed moderate levels of amino acids. No sig-
nificant differences were detected in carcass, breast, or abdominal fat weights or yields at 42 days
of age. At 56 days of age the broilers fed the high amino acid diets throughout had the highest
breast yield, though they were only significantly different from MMMH and HHMM programs.
Day 56 abdominal fat proportions were significantly lower for broilers fed high amino acid diets
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throughout compared to those fed moderate amino acid diets.
These studies suggest that the diets that are typically fed by the poultry industry may not be
allowing current commercial broilers to meet their genetic potential for growth and efficiency of
feed conversion to body weight and breast muscle.
Profitability
Due to cost increases in corn, soybean meal, distillers dried grains, fat, and other ingredients,
feed costs of poultry production increased from 51.8% of total production cost to 68.7% from
2001 to August of 2008[23]. As feed costs increase, poultry integrators must find ways to keep
positive returns on these increased investments. The ever improving feed conversion of broilers
plays a part in maintaining this balance, but many integrators seek to reduce overall feed costs as
well. As discussed, some modifications can be made to diets without a strong negative impact,
but integrators must be careful not to dramatically cut nutrient density in diets or yields may be
affected. In the interests of examining the effects of increasing diet nutrient content and cost on the
meat yields and gross margins, many experiments have been conducted that investigate economic
effects of dietary composition.
Kidd et al.[50] found that introducing a high amino acid phase into broiler diets increased total
feed costs. However, feed costs per kg of live weight or carcass weight were decreased at 35 days
of age. Feed costs per kg of body weight or carcass weight at day 55 increased as high amino acid
phases were introduced to the feed schedules, but at day 35 and day 55 income over feed costs
were increased when comparing birds fed all high amino acid diets to birds fed all moderate amino
acid diets.
Dozier et al.[28] found no difference in feed cost per kg of body weight between 3 and 4 phase
feeding schedules, though the nutrient dense diets were more expensive per kg of body weight.
Sensitivity analysis showed that changes in meat cost had far more dramatic effects on margins
than did changes in feed cost. In the 3 phase feeding schedule, increasing amino acid density
increased margins, while increased amino acid density in 4 phase programs was found to decrease
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margins.
In the study by Zhai et al., feed costs per kg of body weight were not affected by diet at either
42 days or 56 days of age. At 42 days of age feed costs per kg of carcass or parts weight were
not affected by diet, but at day 56 feed costs per kg of carcass weight were significantly higher for
broilers fed the HHHM diet than those fed the MMMM, MMHH, or MHHH diets. The feed costs
divided by the parts value was lower for the MMMM diets than the HHHM, HHMM, and HMMM
diets. Their research suggests that for Cobb 700 broilers, it may be economically advantageous to
continue feeding moderate amino acid values throughout the production period rather than starting
with high concentrations and reducing them over time. However, if overall white meat yield is
considered a more important goal, then amino acid density should be increased.
Dozier et al.[26] conducted two experiments on effect of amino acid density on large broilers
and found that the highest profit margins were achieved when feeding high amino acid density
from 38 to 47 days and low amino acid density from 48 to 60 days compared to HH, MH, or LL
programs. These margins were higher whether breast meat prices were increased to 130% of base
value or decreased to 70% and from 100% to 120% of feed costs. In their second experiment with
a single diet phase of either high, moderate, low, or sub-optimum amino acid levels from 48 to 60
days of age, the high amino acid diet had greater margins than the moderate, low, or sub-optimum
diets.
Basurco et al.[12] studied the effects of amino acid and energy levels on feed costs and gross
margins and found that for small broilers increased ideal protein or decreased energy increased
feed costs, though gross margins were highest with moderate protein levels or high energy levels.
Sensitivity analysis showed that variation in soybean meal prices had a larger effect on margins
than did changes in corn prices, but that variation in carcass prices had a much greater effect than
ingredient prices on margins.
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Summary
Proper amino acid levels are vital to maximizing the performance of modern broiler chickens. In-
creased concentrations in broiler feed can lead to improved feed conversion rates and body weights,
and have been shown to improve the carcass characteristics at processing. These effects are more
pronounced in younger birds than in older birds. Increased energy content of feed can lead to in-
creased body fat content, but reduction of energy can lead to overall increased caloric intake with-
out an increase in body weight gain. As poultry breeders focus on increasing the genetic potential
of their strains and breeding different strains for different markets, the nutritional requirements of
the modern broiler continue to change over time. As the last publication of the NRC’s nutrient
guidelines was published in 1994 and has been shown by many studies to be out of date in regards
to the nutrient requirements of modern broilers, this experiment was conducted to determine if cur-
rent nutrient recommendations of breeder companies are up to date and allow for the best growth
and development of their broiler strains.
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Materials and Methods
Bird Husbandry
On the first day of the experiment, 5000 slow-growing broiler chicks were obtained from a local
commercial hatchery and transported to the experimental facility at the University of Arkansas.
Upon arrival, chicks were feather-sexed and males and females separated. Male chicks were se-
lected at random and placed into 96 floor pens in one side of the experimental facility at a stocking
density of 25 chicks per pen (0.88 ft2/bird). On the second day of the experiment, 2200 fast-
growing male chicks were obtained from a local commercial hatchery and transported to the ex-
perimental facility. The chicks were selected at random and placed into 96 floor pens on the other
side of the experimental facility at a stocking density of 23 chicks per pen (0.96ft2/bird). All 192
pens in the experimental facility were equipped with one hanging feeder and one nipple water line
with 4 nipples per pen. Feed and water were provided ad libitum throughout the experimental
period. Supplemental feeders were provided for the first 7 days of each flock. Environmental con-
ditions followed commercial guidelines. Flocks were checked a minimum of twice daily to ensure
that each pen had adequate feed and functional water lines, as well as to check for mortality.
Dietary Treatments
Twelve diets consisting of two energy levels and six essential amino acid concentrations consisting
of four phases each were formulated and fed to both strains of broilers throughout the experimental
period. Diets were based on Ross nutritional guidelines[7]. Low energy diets had 2,970, 3,080,
3,150, and 3,180 kcal/kg ME for Starter, Grower, Finisher, and Withdrawal phases respectively,
while high energy diets had 3,070, 3,180, 3,250, and 3,280 kcal/kg ME for Starter, Grower, Fin-
isher, and Withdrawal respectively. The 6 essential amino acid levels used were 80%, 90%, 100%,
110%, 120%, and 130% of Ross minimum standards[7] for total amino acid content. These 12
diets were randomly assigned across 96 pens and provided ad libitum throughout the experimental
period. Starter diets were provided from 0 to 14 days of age, grower diets from 14 to 28 days
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of age, finisher diets from 28 to 42 days of age, and withdrawal diets from 42 to 56 days of age
(Tables 1 - 8).
Measurements
All birds were group weighed by pen on days 0, 14, 35, 42, and 56 of each flock and average
treatment weights calculated. All feed added to the pens was weighed and remaining feed was
weighed at day 14, 28, 35, 42, and 56 for each pen. Feed:Gain ratios were calculated by dividing
feed consumed for the period divided by total weight gain for the period and adjusted for mortality.
Weight gain was calculated using average bird weights. Feed intake per bird was calculated by
multiplying feed:gain ratios for the period by weight gain for the period.
At days 35, 42, and 56 of each flock, five birds per pen were selected at random for processing
at the University of Arkansas Pilot Processing Plant. For day 35 processing, after selection at
the research facility and 6 hours of feed withdrawal, birds were transported to the processing
plant via coops and processed. Selected birds were hung onto shackles, stunned via electric bath
and exsanguinated. After exsanguination, bird carcasses were scalded, plucked, and had heads
and hocks removed. The carcasses were then hand eviscerated and individually weighed. After
weighing, the carcasses were chilled in ice-water for 18 hours. After chilling, carcasses were
weighed and cut into legs, wings, boneless skinless whole breast, tenders, and racks and each part
weighed. Day 42 processing followed similar protocols, but selected birds were weighed at the
processing plant before slaughter as they were processed the day after selection and after a 6 hour
feed withdrawal. Additionally, at day 42 processing, carcass fat was removed and weighed at the
same time as pre-chill carcass weights. Day 56 processing followed the same protocol as day 35,
but carcass fat was collected and weighed as in day 42 processing.
Carcass yields were calculated by dividing pre chill carcass weights by live weights at selection
for days 35 and 56 and pre-slaughter weights for day 42. Abdominal fat yield was calculated as
a ratio of abdominal fat weight to pre chill carcass weight. Yields for breast meat, tenders, total
white meat, legs, and wings were calculated by dividing weights for breast, tenders, breast and
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tenders, legs, and wings respectively by post chill carcass weights.
Statistical Analysis
Data were analyzed as a factorial arrangement of two energy levels and six essential amino acid
concentrations. As strains were reared separately and their flocks were separated by one day, the
effect of strain was not considered for statistical analysis and effects were analyzed for each strain.
For all measurements, the model equation used was:
Yi jk = µ+MEi +AA j +ME ∗AAi j + εi jk (1)
Where:
i = High, Low
j = 80%, 90%, 100%, 110%, 120%, 130%
k = 1, 2, 3, 4, 5, 6, 7, 8
a was set at 0.05. Where significant effects were detected, means were separated using Tukey’s
Honest Significant Difference test.
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Results
Body Weights
For fast growing broilers, a significant interaction (P<0.0001) between energy level and amino
acid level of the feed was detected at 14 days of age. In the broilers fed high energy diets, essential
amino acid concentrations at 100% and over of Ross’s recommendations[7] had higher average
body weights than broilers fed diets containing only 80% of Ross guidelines for essential amino
acid content (Table 9). Broilers fed 110% of the recommended amino acid levels and high energy
diets had higher average body weights at 14 days than broilers fed high energy diets and 90% of
recommended amino acid levels. However, in fast growing broilers fed low energy diets, those
that were fed diets containing 90% - 120% of recommended amino acid content had higher body
weights than fast growing broilers fed 80% or 130% recommended levels. While broilers fed low
energy diets and 130% amino acid levels had reduced body weights compared to low energy 90% -
120% amino acid diets, they did outperform broilers fed low energy 80% amino acid diets. Broilers
fed the high energy diet and 110% amino acid content had the numerically highest body weights,
but were not found to be significantly different from broilers fed high energy combined with 100%,
120%, or 130% amino acid diets or from broilers fed low energy diets and 90% - 120% amino acid
diets.
No significant interactions between treatments were found for average body weights of fast
growing broilers at 35, 42, or 56 days of age. Fast growing broilers fed high energy diets displayed
higher average body weights (P<0.0001) than those fed low energy diets at 35 days of age.
Fast growing broilers fed diets with 80% recommended amino acid concentration displayed re-
duced body weights compared to higher amino acid content diets at 35 (P<0.0001), 42 (P<0.0001),
and 56 (P<0.01) days of age. At 35 days of age, fast growing broilers fed diets with 110% or higher
amino acid content displayed higher average body weights than those fed diets with 90% or less.
No significant differences in body weight were detected between fast growing broilers fed diets
containing amino acid levels of 90% or higher of recommended levels.
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In slow growing broilers, no significant interactions between the effects of energy level and
amino acid content of the diets were detected for average body weights at 14, 35, 42, or 56 days of
age (Table 10). Slow growing broilers fed high energy diets displayed higher average body weights
than slow growing broilers fed low energy diets at 14 (P<0.05), 35 (P≤0.01), and 42 (P<0.05)
days of age. Slow growing broilers fed diets with only 80% of recommended amino acid levels
had reduced body weights at 14 (P<0.0001), 35 (P<0.0001), 42 (P<0.0001), and 56 (P<0.0001)
days of age). No significant differences in body weight were detected between diets containing
90% or higher amino acid levels at 14 or 56 days of age. At 35 days of age, slow growing broilers
fed diets with 130% of the recommended amino acid levels had higher body weights than those
fed at 100% or less. At 42 days of age, slow growing broilers fed diets containing 100% or above
of the recommended levels had higher body weights than those fed 90%, and the broilers fed 90%
of the recommended amino acid values had higher body weights at 42 days of age than those fed
at 80%.
Weight Gain
Significant interactions were detected between the effects of amino acid level and energy level of
diets fed to fast growing broilers on weight gain from 0 to 14 days of age (Table 11). For fast
growing broilers fed high energy diets, those fed diets with 100% or more of recommended amino
acid content had significantly higher weight gains than those fed 90% or less. For fast growing
broilers fed low energy diets, those fed at rates of 90% to 120% of recommended amino acid
levels had significantly higher weight gains than those fed 130%, which had significantly higher
weight gains than those fed at 80%. Fast growing broilers fed diets with low energy and 80%
amino acid content had significantly reduced weight gain compared to all others at day 14. Fast
growing broilers fed high energy diets had significantly higher weight gain from 0 to 35 days of age
than those fed low energy diets. Fast growing broilers fed diets with only 80% of recommended
amino acid content had reduced cumulative weight gain at 35, 42, and 56 days of age compared
to higher amino acid content diets. Fast growing broilers fed diets containing 110% or more of
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recommended levels had significantly higher weight gains from 0 to 35 days of age than those fed
90% or less.
For weight gains in each feed phase, fast growing broilers fed high energy diets exhibited
higher weight gains from 14 to 35 days of age (P<0.05) than those fed low energy diets (Table
12). Broilers fed diets with amino acid levels at 110% or more of recommended levels displayed
higher weight gains from 14 to 35 days of age (P<0.0001) than those fed at 90% or 80%. No
differences in body weight gains between treatments were detected in fast growing broilers for 35
to 42 days of age or 42 to 56 days of age.
No interactions between the effects of amino acid content or energy level of diets fed to slow
growing broilers were detected in cumulative weight gains (Table 13). Slow growing broilers fed
high energy diets displayed higher cumulative weight gains than those fed low energy diets at 14
(P<0.05), 35 (P<0.05), and 42 (P<0.05) days of age. Slow growing broilers fed diets with 80%
recommended amino acid content had reduced cumulative weight gains compared to those fed
diets with higher amino acid concentrations at 14 (P<0.0001), 35 (P<0.0001), 42 (P<0.0001),
and 56 (P<0.0001) days of age. Cumulative weight gains were higher in broilers fed 100% or
more of the recommended amino acid values than 90% or 80% at 35 and 42 days of age.
No interactions between treatments were detected in weight gains per feed phase of slow grow-
ing broilers(Table 14). Those fed high energy diets had larger weight gains from 14 to 35 days of
age (P<0.05) than those fed low energy diets. Slow growing broilers fed diets with 130% of rec-
ommended amino acid contents had higher weight gain from 14 to 35 days of age (P<0.0001) than
those fed at 100% or below. Slow growing broilers fed diets with 100% of recommended levels
of amino acid or higher had higher weight gains from 14 to 35 days of age than those fed 90% or
80%. Slow growing broilers fed 80% of recommended amino acid levels had lower body weight
gains than those fed at 100% or higher from 35 to 42 days of age (P<0.01).
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Feed:Gain Ratios
Interactions between the effects of energy level and amino acid level of diets fed to fast growing
broilers were detected in cumulative feed:gain from 0 to 14 days of age (P<0.01) (Table 15). In
broilers fed low energy diets, those fed at 80% of the recommended level of amino acid content
had higher feed:gain than those fed 90% or above. In broilers fed high energy diets, those with
80% amino acid content had higher feed:gain than 90% or above, and 120% and 130% had lower
feed:gain than broilers fed 90%. Fast growing broilers fed high energy diets had lower cumulative
feed:gain at 35 (P<0.0001), 42 (P<0.0001), and 56 (P<0.0001) days of age. Fast growing broilers
fed 80% of recommended levels of amino acid levels had higher (P<0.0001) cumulative feed:gain
than those fed 90% or higher at 35, 42, and 56 days of age. Fast growing broilers fed diets with
120% or 130% recommended levels of amino acid content had lower cumulative feed:gain at 35
days of age than those fed 100% or less. At day 42, fast growing broilers fed 130% recommended
amino acid levels had lower feed:gain than those fed at 100% or less. Fast growing broilers fed
diets with 120% or 130% recommended amino acid levels had lower feed:gain than those fed at
90% or 80%. Fast growing broilers fed high energy diets had lower (P<0.0001) feed:gain from
14 to 35 days of age than those fed low energy diets (Table 16). In the same feed phase, fast
growing broilers fed 80% recommended amino acid levels had higher (P<0.0001) feed:gain than
those fed 90% or above. Those fed 100% or above had lower feed:gain than those fed amino acid
levels below. Those fed at 120% or 130% had higher feed:gain than those fed at 100% or below.
No differences were detected (P>0.05) between energy or amino acid for fast growing broilers in
either the 35 to 42 day feed phase or the 42 to 56 day phase.
No interactions were detected (P>0.05) in cumulative feed:gain for slow growing broilers (Ta-
ble 17). Slow growing broilers fed high energy diets had lower (P<0.01) feed:gain than those fed
low energy diets at 14, 35, 42, and 56 days of age. Cumulative feed:gain was higher (P<0.0001) at
14, 35, 42, and 56 days of age for slow growing broilers fed 80% recommended amino acid levels
than for those fed at 90% or above. Cumulative feed:gain was lower for slow growing broilers fed
diets with 110% or higher amino acid levels than those fed 90% or 80%. At 35 and 42 days of
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age, slow growing broilers fed 80% amino acid levels had higher cumulative feed:gain than those
fed 90%. Those fed 90% had higher cumulative feed:gain than those fed 100% which had a higher
cumulative feed:gain than fed 110% or 120% fed broilers while the 130% fed birds had the lowest
feed:gain. At 56 days of age, slow growing broilers fed 130% of recommended levels of amino
acid had lower cumulative feed:gain than those fed 100%.
Interactions were detected (P<0.05) between the effects of energy level and amino acid level
on feed:gain from 14 to 35 days of age for slow growing broilers (Table 18). For slow growing
broilers fed low energy diets, those fed 80% recommended amino acid levels had higher feed:gain
than those fed 90% or above, which had higher feed:gain than those fed 100% or above. Those
fed 100% had higher feed:gain than those fed 130%, but not 110% or 120%. For the slow growing
broilers fed high energy diets, those fed diets with 80% recommended amino acid levels had higher
feed:gain than those fed 90% or above, which had higher feed:gain than those fed 100% or higher,
which had higher feed:gain than those fed 110% or above. Those fed 110% had higher feed:gain
than those fed 130%, but not those fed 120%. Slow growing broilers fed high energy diets had
lower (P<0.001) feed:gain for the 35 to 42 day phase than those fed low energy diets.
Feed Intake
Interactions between the effects of energy level and amino acid level were detected (P<0.001) in
the cumulative feed intake of fast growing broilers at 14 days of age (Table 19). Fast growing
broilers fed a diet with low energy and 130% recommended amino acid levels consumed less feed
than all other treatments. Fast growing broilers fed 90% recommended amino acid diets had higher
(P<0.05) cumulative feed intake than those fed 130% at 35 days of age.
No differences in feed intake per feed phase of fast growing broilers were detected (P>0.05)
(Table 20) after 14 days of age.
Slow growing broilers fed diets with the 80% recommended amino acid levels had lower
(P<0.01) cumulative feed intake at 14 days of age than those fed 90%, 100%, or 120%(Table
21). Slow growing broilers fed the 80% amino acid concentration diets had reduced (P<0.001)
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cumulative feed intake at 35 and 42 days of age. Slow growing broilers fed diets with 80% rec-
ommended amino acid levels had reduced (P<0.05) cumulative feed intake compared to those fed
120% at 56 days of age.
Slow growing broilers fed high energy diets had reduced (P<0.05) feed intake from 14 to 35
days of age than those fed low energy diets (Table 22). Slow growing broilers fed diets with 80%
recommended amino acid levels had reduced (P<0.0001) feed intake from 14 to 35 days of age.
These broilers also had reduced (P<0.05) feed intake from 35 to 42 days of age when compared to
those fed 120% or 130% and reduced (P<0.01) feed intake at 42 to 56 days of age when compared
to those fed 120%.
Day 35 Carcass Weights and Characteristics
Chilled carcass weights were higher (P<0.05) for fast growing broilers fed high energy diets than
for those fed low energy diets at 35 days of age (Table 23). For carcass weights of fast growing
broilers at 35 days of age, those fed the diets with 80% recommended amino acid levels were
lighter (P<0.0001) than those fed 90% and above. Those fed 90% and above were lighter than
those fed 110% or 120%. Carcass yields for fast growing broilers fed 80% recommended amino
acid levels were lower (P<0.0001) than those fed 100% or above. Those fed at 90% had lower
carcass yields than those fed at 120%. There were no differences (P>0.05) in breast or tenders
weight or yield between diets containing different energy levels in fast growing broilers processed
at 35 days of age (Table 24). Those fed diets with 80% recommended amino acid levels had
lower (P<0.0001) breast weight, breast meat yield, tenders weight, and tenders yield than those
fed 90% or above. Those fed 90% or above had reduced breast weight, breast meat yield, tenders
weight, and tenders yield compared to those fed at 100% or above. Fast growing broilers fed high
energy diets and processed at 35 days of age had higher (P<0.01) wing weights than those fed
low energy diets (Table 25). Those fed diets containing 90% recommended amino acid levels had
reduced (P<0.0001) wing weights compared to those fed 90% or above, and those fed 90% had
lower wing weights than those fed 110% or 120%. Fast growing broilers fed diets containing 80%
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recommended amino acid levels had lower (P<0.0001) leg weights than those fed 90% or above
at 35 days of age. Those fed at 90% had lighter leg weights than those fed 120%. Leg meat yields
at 35 days of age were higher (P<0.001) for fast growing broilers fed 80% amino acid levels and
130% than for 110%.
For slow growing broilers processed at 35 days of age, those fed high energy diets had higher
(P<0.05) carcass yields than those fed low energy diets (Table 26). Those fed diets containing 80%
amino acid levels had reduced (P<0.0001) live weights at processing, chilled carcass weights, and
carcass yields compared to those fed 90% or above. Those fed diets with 90% recommended
amino acid levels had reduced live weights at processing than those fed 110% or above. Slow
growing broilers fed 90% amino acid diets had reduced chilled carcass weights than those fed
100% or higher. The broilers fed 90% amino acid diets had reduced carcass yield compared to
those fed 110%. As in the fast growing broilers, no differences (P>0.05)in breast weight, breast
yield, tenders weight, or tenders yield due to energy levels were detected (Table 27). Broilers
fed diets containing 80% recommended amino acid content had lower (P<0.0001) breast weight,
breast meat yield, tenders weight, and tenders yield than those fed 90% or above at 35 days of
age. Those fed diets with 90% recommended amino acid levels had reduced breast weight, breast
yield, tenders weight, and tenders yield than those fed 100% or above. Slow growing broilers fed
high energy diets had higher (P<0.05) wing weights and yields at 35 days of age than those fed
low energy diets (Table 28). Slow growing broilers fed diets containing 80% amino acid levels had
reduced (P<0.0001) wing weights compared to those fed 90% or above, and those fed at 90% had
reduced wing weights compared to those fed 110% or higher. Slow growing broilers fed diets with
80% recommended amino acid content had reduced (P<0.0001) leg weights compared to those
fed 90% or higher, and those fed at 90% had reduced leg weights compared to those fed at 130%,
but not 100% to 120%. Those fed 80% recommended amino acid levels had reduced (P<0.0001)
legs yield compared to those fed 100% or above.
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Day 43 Carcass Weights and Characteristics
For fast growing broilers processed at 43 days of age, those fed diets with 80% recommended
amino acid levels had lighter (P<0.0001) live weights at day of processing than those fed at 100%
or higher (Table 29). Those fed 80% recommended amino acid levels had lower (P<0.0001) chilled
carcass weight and carcass yield and than those fed at 90% or above. Interactions were detected
(P<0.05) between the effects of energy level and amino acid level on abdominal fat weight. For fast
growing broilers fed high energy diets, those fed 80% recommended amino acid levels had higher
abdominal fat weight than those fed 100% or higher. For those fed low energy diets, those fed diets
with 90% recommended amino acid levels had higher abdominal fat weight than those fed 100%
or higher. Those fed diets containing 80% recommended amino acid levels had lighter abdominal
fat weight than those fed 100% or 120% diets. Abdominal fat yields were higher (P<0.0001) for
those fed at 80% or 90% amino acid diets than for those fed at 100% or above.
No differences (P>0.05) in breast meat weight, breast meat yield, tenders weight, or tenders
yield were found between fast growing broilers fed high or low energy level diets at 43 days of age
(Table 30). Fast growing broilers fed diets containing 80% recommended amino acid levels had
reduced (P<0.0001) breast weight, breast meat yield, tenders weight, and tenders yield compared
to those fed diets with 90% or higher. Those fed diets at 90% amino acid levels had reduced tenders
yield than those fed 130%.
No differences (P>0.05) in wing weight, wing yield, leg weight, or leg yield were detected
between fast growing broilers fed high or low energy diets (Table 31). Those fed diets containing
80% recommended amino acid levels had reduced (P<0.0001) wing weights compared to those
fed 100% or above, and reduced leg weights compared to those fed 90% or above.
Slow growing broilers processed at 43 days of age fed diets with 80% recommended amino acid
levels had lower (P<0.0001) live weights at processing and chilled carcass weights than those fed
90% or above (Table 32). Those fed 90% diets had lighter live weights and chilled carcass weights
than those fed at 110% or higher. Those fed 80% recommended amino acid levels had reduced
(P<0.0001) carcass yields compared to those fed 90% or above. Those fed 100% recommended
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amino acid level or lower had higher (P<0.0001) abdominal fat weights and yields at 43 days of
age than those fed 110% or higher. Those fed 80% recommended amino acid levels had higher
abdominal fat yields than those fed 100%.
Slow growing broilers fed diets containing 80% recommended amino acid levels had lower
(P<0.0001) breast weight, breast yield, tender weight, and tender yield than those fed at 90%
or above (Table 33). Slow growing broilers fed diets with 90% recommended amino acid levels
had lower breast meat weights and yields than those fed 100% or above. Those fed at 90% rec-
ommended amino acid levels had lower tender weights than those fed 110% or higher and lower
tender yields than those fed at 120% or higher.
Slow growing broilers fed diets containing 80% amino acid levels had lighter (P<0.0001)
wings and legs than those fed at 90% or higher (Table 34). Those fed at 90% had lighter wings than
those fed at 110% or higher. Wing yields were lower (P<0.01) for slow growing broilers fed 100%
recommended amino acid levels than those fed at 80% or 130%. Those fed at 80% recommended
amino acid levels had higher (P<0.0001) leg yields than those fed at 100% or higher.
Day 56 Carcass Weights and Characteristics
Fast growing broilers fed diets containing 80% recommended amino acid levels had reduced live
weights at processing (P<0.001) and chilled carcass weights (P<0.0001) compared to those fed
at 90% or higher (Table 35). Carcass yields were reduced (P<0.05) for those fed at 80% rec-
ommended amino acid levels compared to those fed at 130%. Fast growing broilers fed high
energy diets had higher abdominal fat weights (P<0.0001) and yields (P<0.0001) than those fed
low energy diets. Broilers fed diets containing 80% recommended amino acid levels had higher
abdominal fat weights and yields than those fed at 100% or higher. The broilers fed at 100%
recommended amino acid levels had higher abdominal fat weights and yields than those fed at
130%.
Fast growing broilers fed diets containing 80% recommended amino acid levels had reduced
breast weight (P<0.0001), breast yield (P<0.0001), and tenders weight (P<0.0001) compared to
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those fed at 90% of recommended levels or above (Table 36). Those fed low energy diets had
higher tenders yield (P<0.001) than those fed high energy diets. Those fed diets containing 80%
recommended amino acid levels had lower tender yields than those fed at 120% or higher.
Fast growing broilers fed diets containing 80% recommended amino acid levels had lighter
wings (P<0.001) than those fed at 90% or higher (Table 37). Those fed high energy diets had
higher leg weights (P<0.05) and yields (P<0.05) than those fed low energy diets. Those fed diets
containing 80% recommended amino acid levels had reduced leg weights (P<0.01) compared to
those fed 100%, 120%, and 130%.
Slow growing broilers fed high energy diets had higher live weights at processing (P<0.01)
and chilled carcass weights (P<0.001) than those fed low energy diets (Table 38). Slow grow-
ing broilers fed diets containing 80% recommended amino acid levels had lower live weights at
processing (P<0.0001), chilled carcass weights (P<0.0001), and carcass yields (P<0.0001) than
those fed at 90% or higher. Those fed at 120% had higher live weights at processing than those
fed at 90%. Those fed at 120% or 130% had higher chilled carcass weights than those fed at 90%.
Those fed at 130% had higher carcass yields than those fed at 90%. Slow growing broilers fed high
energy diets had higher abdominal fat weights (P<0.01) than those fed low energy diets. Those
fed at 80% or 90% recommended amino acid levels had higher abdominal fat weights (P<0.0001)
than those fed at 110% or higher, and higher abdominal fat yields (P<0.0001) than those fed at
100% or higher.
Slow growing broilers fed high energy diets had higher breast weights (P<0.01) than those
fed low energy diets (Table 39). Those fed diets containing 80% recommended amino acid levels
had reduced breast weights (P<0.0001) and yields (P<0.0001) compared to those fed at 90% or
higher. Those fed at 90% had reduced breast weight compared to those fed at 100% or higher and
reduced breast yield compared to those fed at 110% or higher. Those fed at 80% had lower tenders
weights (P<0.0001) than those fed at 100% or higher. Those fed at 130% had higher tenders yield
(P<0.05) than those fed at 80% or 90%.
Slow growing broilers fed high energy diets had higher wing (P<0.001) and leg (P<0.01)
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weights than those fed low energy diets (Table 40). Those fed at 80% recommended amino acid
levels had lighter wings (P<0.0001) than those fed at 90% or higher. Those fed at 120% had higher
wing weights than those fed at 90%. Those fed at 80% recommended amino acid levels had lower
leg weights (P<0.0001) than those fed at 100% or higher.
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Discussion
The first discussion point that should be noted is the presence of interactions between energy levels
and amino acid concentrations in data values for fast growing birds at 14 days of age. Average
body weights appear to plateau at 100% amino acid density for fast growing broilers fed high
energy density diets and to plateau between 90% and 120% and decline at 130% for those on a
low energy ration. A similar effect is seen in weight gain, feed:gain appears to quickly bottom
out for low energy diets while linearly decreasing for high energy diets, and feed intake appears
to be depressed for those broilers fed 130% amino acid density and low energy feed. Donaldson
et al.[22] found similar results and attributes this effect to protein being used as a less efficient
energy source in the chicken when there is a lack of AME in the feed. In this scenario, these diets
would resemble a low energy, low amino acid diet, which could explain why the birds had poor
performance. This effect seems to only affect the fast growing birds and only early in life.
Based on average body weights alone, one could argue that the Ross nutritional recommenda-
tions for amino acids are too high and that their recommendations for energy level may be too low.
Both the fast and slow growing strains used in this experiment showed significant improvement in
average weights at 35 days of age by increasing energy levels of the feed, and the high energy diets
displayed numerically higher body weights at all measured points, though not all differences were
able to be confirmed as statistically significant. As for the amino acid requirements, only once did
a higher amino acid density diet perform statistically better than 100% (Slow growing birds at 35
days of age fed 130% density).
However, when examining feed:gain, exceeding the recommended amino acid levels offers
significant improvement. Most of this improvement appears to be attributable to increased perfor-
mance in the early life of the bird. Significant differences are apparent in the feed:gain in the first
35 days of life. After 35 days feed:gain for each feed phase is unaffected by amino acid content,
but the effects are still seen in the cumulative feed:gain for both strains though 35, 42, and 56
days of age. Increased energy level also appears to significantly improve feed conversion, at least
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through 42 days of age.
Interestingly, feed intake does not seem to be affected by energy or amino acid content, so long
as the amino acid density doesn’t drop below 90%. Many researchers have debated whether or
not the modern broiler can actually regulate it’s caloric intake, and this experiment does not offer
evidence that energy level of the diet plays a major role in feed intake, no matter how much feed
efficiency or weight gain may be affected.
Concerning processing parameters, the effect of energy level on carcass weights and yields is
not made clear in this study. Significant differences due to energy level were found in the carcass
weight, but not yield, of fast growing broilers processed at 35 days of age, while differences in
carcass yields, but not weights, were found in slow growing birds processed at 35 days of age.
No significant differences in carcass weights or yields were found in either strain when processed
at 43 days of age, and only the slow growing broilers exhibited significant differences in carcass
weights at 56 days of age. Significant differences in the weight or yield of abdominal weights were
not found in fast or slow growing birds processed at 43 days of age, but both strains exhibited sig-
nificantly larger abdominal fat deposits in carcasses from birds fed high energy diets. Abdominal
fat yield was increased in carcasses from fast growing broilers processed at 56 days of age. Energy
content of the feed was not found to play a large role in any processing measurement beyond these,
though the larger live weights for slow growing broilers fed high energy diets at 56 days of age
seems to have increased individual parts weights but not their yields.
Amino acid content of the diets significantly affected almost every parameter of processing.
For both strains of birds processed at 35 days of age, 80% amino acid levels was the poorest
performer with the exception of leg yield, followed by 90% levels, and then 100% through 130%
which were not significantly different from each other. For fast growing broilers processed at 43
days of age, no significant improvements were found from diets exceeding 90% of recommended
amino acid density with the exception of minimizing abdominal fat by feeding 100% density and
maximizing tenders yield over 90% amino acid density diets by feeding 130% density. Slow
growing birds exhibited a need for slightly higher amino acid density to meet their potential, as
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abdominal fat weight and yield were minimized at 110% amino acid density, maximizing breast
weight required 100% density, tender weight was significantly improved over 100% density by
feeding 120% and 130%, and wing weight was also improved over 100% density by feeding 120%
and 130% amino acid levels. Yields were affected similarly. At day 56 processing, fast growing
broilers demonstrated similar amino acid density needs as in 43 days of age processing, though
further increasing amino acid density significantly decreased abdominal fat weight and yield and
tenders yield was found to be increased over 100% amino acid density by feeding 120% density.
For slow growing broilers, the overall best performance was again found at 100% amino acid
density.
It would appear that the results of this experiment are in agreement with those of similar studies
by Kidd et al.[50] and Dozier et al.[28, 24]. Processing yields seem to be affected by amino acid
and energy levels, but the main effect of increasing amino acid density beyond that of guidelines
like Ross’s is to further reduce feed:gain. The results of this experiment suggest that aggressively
targeting optimal energy and amino acid densities for young broilers can have long lasting effects
and that these aggressive, and expensive, feed rations can be discontinued as the birds age, though
further research in the vein of Kidd et al.[50] would have to be conducted to prove this conjecture.
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Table 1: Composition of Low Energy Starter Diets
Ingredient, % LE 80% LE 90% LE 100% LE 110% LE 120% LE 130%
Corn 66.58 62.82 59.01 60.53 60.84 61.15
Soybean Meal 24.08 29.09 32.18 30.16 27.99 25.82
ProPlus 57 5.00 5.00 5.00 5.00 5.00 5.00
Poultry Oil 0.50 0.50 0.98 0.50 0.50 0.50
Calcium carbonate 1.57 0.26 0.24 0.36 1.20 2.06
Deflourinated phosphate 1.23 1.20 1.20 1.21 1.22 1.24
Sodium chloride 0.27 0.27 0.28 0.28 0.27 0.27
DL-Met 0.19 0.24 0.31 0.42 0.54 0.66
L-Lys-Hcl 0.16 0.17 0.24 0.46 0.70 0.93
L-Thr 0.05 0.06 0.10 0.21 0.33 0.45
L-Val 0.00 0.02 0.07 0.21 0.36 0.51
L-Ile 0.00 0.00 0.03 0.16 0.28 0.41
L-Arg 0.00 0.00 0.00 0.14 0.34 0.54
TrypAMINO 0.00 0.00 0.00 0.01 0.04 0.08
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Selenium 0.02 0.02 0.02 0.02 0.02 0.02
Calculated Amounts
AME, kcal/kg 2,970 2,970 2,970 2,970 2,970 2,970
CP, % 20.00 22.13 23.50 23.50 23.50 23.50
Lys, % 1.14 1.28 1.42 1.54 1.66 1.78
Met, % 0.49 0.56 0.64 0.74 0.85 0.95
TSAA, % 0.85 0.95 1.05 1.14 1.23 1.31
Thr, % 0.78 0.87 0.96 1.04 1.11 1.19
Trp, % 0.21 0.24 0.26 0.26 0.28 0.30
Arg, % 1.25 1.41 1.50 1.57 1.70 1.83
Ile, % 0.79 0.88 0.97 1.05 1.13 1.22
Leu, % 1.71 1.85 1.92 1.86 1.79 1.72
Val, % 0.92 1.04 1.14 1.24 1.33 1.43
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 2: Composition of High Energy Starter Diets
Ingredient, % HE 80% HE 90% HE 100% HE 110% HE 120% HE 130%
Corn 66.72 60.77 56.44 58.10 60.25 55.90
Soybean Meal 24.05 29.08 32.63 30.63 28.11 31.82
ProPlus 57 5.00 5.00 5.00 5.00 5.00 5.00
Poultry Oil 1.67 2.54 3.10 2.57 1.93 2.53
Calcium carbonate 0.29 0.26 0.23 0.24 0.26 0.08
Deflourinated phosphate 1.23 1.21 1.20 1.21 1.23 1.15
Sodium chloride 0.28 0.28 0.28 0.28 0.28 0.27
DL-Met 0.19 0.25 0.31 0.42 0.54 0.61
L-Lys-Hcl 0.16 0.18 0.23 0.46 0.70 0.77
L-Thr 0.05 0.06 0.10 0.21 0.33 0.37
L-Val 0.00 0.02 0.07 0.21 0.36 0.41
L-Ile 0.00 0.00 0.03 0.15 0.28 0.32
L-Arg 0.00 0.00 0.00 0.13 0.34 0.36
TrypAMINO 0.00 0.00 0.00 0.01 0.04 0.05
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Selenium 0.02 0.02 0.02 0.02 0.02 0.02
Calculated Amounts
AME, kcal/kg 3,070 3,070 3,070 3,070 3,070 3,070
CP, % 20.00 21.98 23.50 23.50 23.50 25.00
Lys, % 1.14 1.28 1.42 1.54 1.66 1.79
Met, % 0.49 0.56 0.64 0.75 0.85 0.94
TSAA, % 0.85 0.95 1.05 1.14 1.23 1.32
Thr, % 0.78 0.87 0.96 1.04 1.11 1.20
Trp, % 0.21 0.24 0.26 0.26 0.28 0.30
Arg, % 1.25 1.40 1.51 1.57 1.70 1.84
Ile, % 0.79 0.88 0.97 1.05 1.13 1.23
Leu, % 1.71 1.83 1.91 1.86 1.79 1.87
Val, % 0.92 1.03 1.14 1.24 1.34 1.44
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 3: Composition of Low Energy Grower Diets
Ingredient, % LE 80% LE 90% LE 100% LE 110% LE 120% LE 130%
Corn 73.43 71.12 64.91 60.16 60.87 58.49
Soybean Meal 17.75 20.73 26.12 30.10 29.14 30.94
Poultry byproduct meal 5.00 5.00 5.00 5.00 5.00 5.00
Poultry Oil 0.50 0.50 1.43 2.12 1.81 2.07
Calcium carbonate 1.11 0.34 0.24 0.22 0.22 0.21
Deflourinated phosphate 1.38 1.36 1.34 1.33 1.34 1.33
Sodium chloride 0.26 0.26 0.26 0.26 0.26 0.26
DL-Met 0.12 0.18 0.22 0.27 0.36 0.42
L-Lys-Hcl 0.00 0.13 0.10 0.12 0.29 0.36
L-Thr 0.01 0.04 0.04 0.05 0.14 0.19
L-Val 0.00 0.00 0.00 0.02 0.13 0.19
L-Ile 0.00 0.00 0.00 0.00 0.09 0.14
L-Arg 0.00 0.00 0.00 0.00 0.00 0.06
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,080 3,100 3,080 3,080 3,080 3,080
CP, % 17.50 19.45 20.89 22.48 22.50 23.50
Lys, % 0.97 1.11 1.21 1.33 1.43 1.54
Met, % 0.43 0.50 0.56 0.62 0.71 0.78
TSAA, % 0.74 0.84 0.91 1.00 1.08 1.16
Thr, % 0.67 0.76 0.83 0.91 0.98 1.05
Trp, % 0.19 0.21 0.24 0.27 0.26 0.27
Arg, % 1.12 1.25 1.38 1.50 1.47 1.58
Ile, % 0.71 0.77 0.86 0.94 1.01 1.09
Leu, % 1.58 1.67 1.80 1.90 1.87 1.91
Val, % 0.83 0.91 0.99 1.08 1.17 1.25
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 4: Composition of High Energy Grower Diets
Ingredient, % HE 80% HE 90% HE 100% HE 110% HE 120% HE 130%
Corn 72.62 68.74 63.27 57.73 59.37 57.05
Soybean Meal 17.89 21.11 25.73 30.42 28.00 29.72
Poultry byproduct meal 5.00 5.00 5.00 5.00 6.00 6.00
Poultry Oil 2.01 2.57 3.40 4.23 3.56 3.80
Calcium carbonate 0.29 0.27 0.24 0.21 0.23 0.22
Deflourinated phosphate 1.38 1.37 1.35 1.34 1.21 1.20
Sodium chloride 0.26 0.26 0.26 0.26 0.26 0.26
DL-Met 0.13 0.18 0.23 0.27 0.36 0.43
L-Lys-Hcl 0.09 0.12 0.12 0.11 0.29 0.37
L-Thr 0.01 0.04 0.05 0.06 0.14 0.19
L-Val 0.00 0.00 0.01 0.03 0.13 0.20
L-Ile 0.00 0.00 0.00 0.00 0.10 0.15
L-Arg 0.00 0.00 0.00 0.00 0.01 0.07
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,180 3,180 3,180 3,180 3,180 3,180
CP, % 17.50 18.81 20.62 22.44 22.50 23.50
Lys, % 0.97 1.09 1.21 1.33 1.44 1.55
Met, % 0.43 0.50 0.56 0.63 0.71 0.79
TSAA, % 0.74 0.82 0.91 1.00 1.08 1.16
Thr, % 0.67 0.75 0.83 0.91 0.98 1.06
Trp, % 0.19 0.21 0.24 0.27 0.26 0.27
Arg, % 1.12 1.22 1.36 1.50 1.48 1.59
Ile, % 0.71 0.77 0.85 0.94 1.01 1.09
Leu, % 1.58 1.65 1.77 1.88 1.86 1.90
Val, % 0.83 0.89 0.99 1.08 1.17 1.26
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 5: Composition of Low Energy Finisher Diets
Ingredient, % LE 80% LE 90% LE 100% LE 110% LE 120% LE 130%
Corn 75.33 72.03 66.83 61.40 62.51 60.08
Soybean Meal 16.46 19.19 23.59 28.44 26.91 28.76
Poultry byproduct meal 5.00 5.00 5.00 4.63 5.00 5.00
Poultry Oil 0.99 1.46 2.25 3.15 2.71 2.98
Calcium carbonate 0.29 0.28 0.25 0.22 0.23 0.22
Deflourinated phosphate 1.13 1.12 1.11 1.15 1.10 1.10
Sodium chloride 0.28 0.28 0.28 0.28 0.28 0.28
DL-Met 0.11 0.16 0.20 0.25 0.33 0.39
L-Lys-Hcl 0.07 0.11 0.11 0.10 0.26 0.33
L-Thr 0.00 0.02 0.03 0.04 0.12 0.16
L-Val 0.00 0.00 0.00 0.01 0.11 0.16
L-Ile 0.00 0.00 0.00 0.00 0.09 0.13
L-Arg 0.00 0.00 0.00 0.00 0.00 0.05
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,150 3,150 3,150 3,150 3,150 3,150
CP, % 17.00 18.13 19.84 21.50 21.50 22.50
Lys, % 0.92 1.03 1.14 1.25 1.35 1.46
Met, % 0.40 0.47 0.53 0.59 0.67 0.74
TSAA, % 0.71 0.79 0.87 0.95 1.03 1.11
Thr, % 0.65 0.71 0.79 0.86 0.92 0.99
Trp, % 0.19 0.20 0.23 0.25 0.25 0.26
Arg, % 1.08 1.17 1.30 1.43 1.40 1.51
Ile, % 0.68 0.73 0.81 0.89 0.96 1.04
Leu, % 1.55 1.62 1.73 1.83 1.80 1.85
Val, % 0.81 0.86 0.94 1.02 1.10 1.18
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 6: Composition of High Energy Finisher Diets
Ingredient, % HE 80% HE 90% HE 100% HE 110% HE 120% HE 130%
Corn 72.77 69.70 64.40 59.16 59.95 57.48
Soybean Meal 16.89 19.42 23.91 28.40 27.36 29.24
Poultry byproduct meal 5.00 5.00 5.00 4.94 5.00 5.00
Poultry Oil 3.12 3.55 4.36 5.16 4.84 5.12
Calcium carbonate 0.29 0.27 0.24 0.22 0.22 0.21
Deflourinated phosphate 1.14 1.13 1.12 1.11 1.11 1.11
Sodium chloride 0.28 0.28 0.28 0.28 0.28 0.28
DL-Met 0.11 0.17 0.21 0.25 0.34 0.40
L-Lys-Hcl 0.06 0.11 0.10 0.09 0.25 0.32
L-Thr 0.00 0.02 0.03 0.04 0.12 0.16
L-Val 0.00 0.00 0.00 0.01 0.11 0.16
L-Ile 0.00 0.00 0.00 0.00 0.09 0.13
L-Arg 0.00 0.00 0.00 0.00 0.00 0.05
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,250 3,250 3,250 3,250 3,250 3,250
CP, % 17.00 18.06 19.80 21.50 21.50 22.50
Lys, % 0.92 1.03 1.14 1.25 1.35 1.46
Met, % 0.40 0.47 0.53 0.59 0.67 0.74
TSAA, % 0.71 0.79 0.87 0.95 1.03 1.11
Thr, % 0.65 0.71 0.79 0.86 0.92 0.99
Trp, % 0.19 0.20 0.23 0.25 0.25 0.26
Arg, % 1.09 1.16 1.30 1.43 1.40 1.51
Ile, % 0.69 0.73 0.82 0.90 0.96 1.04
Leu, % 1.54 1.60 1.71 1.82 1.79 1.84
Val, % 0.81 0.85 0.94 1.02 1.10 1.19
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 7: Composition of Low Energy Withdrawal Diets
Ingredient, % LE 80% LE 90% LE 100% LE 110% LE 120% LE 130%
Corn 77.06 71.79 66.53 61.25 61.77 59.15
Soybean Meal 14.48 18.95 23.41 27.88 27.12 29.18
Poultry byproduct meal 5.00 5.00 5.00 5.00 5.00 5.00
Poultry Oil 1.20 2.00 2.80 3.60 3.34 3.65
Calcium carbonate 0.30 0.28 0.25 0.22 0.23 0.22
Deflourinated phosphate 1.14 1.13 1.11 1.10 1.10 1.10
Sodium chloride 0.28 0.28 0.28 0.28 0.28 0.28
DL-Met 0.12 0.16 0.20 0.24 0.33 0.38
L-Lys-Hcl 0.11 0.10 0.09 0.08 0.23 0.29
L-Thr 0.02 0.02 0.03 0.04 0.12 0.16
L-Val 0.00 0.00 0.00 0.00 0.10 0.15
L-Ile 0.00 0.00 0.00 0.00 0.09 0.13
L-Arg 0.00 0.00 0.00 0.00 0.00 0.02
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.05 0.05 0.05 0.05 0.05 0.05
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,180 3,180 3,180 3,180 3,180 3,180
CP, % 16.26 17.98 19.71 21.44 21.50 22.50
Lys, % 0.90 1.01 1.12 1.23 1.33 1.44
Met, % 0.41 0.47 0.53 0.59 0.67 0.73
TSAA, % 0.70 0.78 0.87 0.95 1.03 1.09
Thr, % 0.63 0.71 0.78 0.86 0.92 0.99
Trp, % 0.17 0.20 0.23 0.25 0.25 0.26
Arg, % 1.02 1.16 1.29 1.43 1.40 1.49
Ile, % 0.65 0.73 0.81 0.89 0.96 1.04
Leu, % 1.50 1.61 1.72 1.83 1.80 1.85
Val, % 0.77 0.85 0.93 1.02 1.10 1.18
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 8: Composition of High Energy Withdrawal Diets
Ingredient, % HE 80% HE 90% HE 100% HE 110% HE 120% HE 130%
Corn 74.63 69.36 64.10 58.82 59.21 56.67
Soybean Meal 14.80 19.27 23.73 28.20 27.56 29.53
Poultry byproduct meal 5.00 5.00 5.00 5.00 5.00 5.00
Poultry Oil 3.31 4.11 4.91 5.71 5.47 5.76
Calcium carbonate 0.30 0.27 0.24 0.22 0.22 0.21
Deflourinated phosphate 1.15 1.13 1.12 1.11 1.11 1.11
Sodium chloride 0.28 0.28 0.28 0.28 0.28 0.28
DL-Met 0.12 0.16 0.21 0.25 0.33 0.39
L-Lys-Hcl 0.10 0.09 0.08 0.07 0.22 0.29
L-Thr 0.02 0.02 0.03 0.04 0.12 0.16
L-Val 0.00 0.00 0.00 0.01 0.10 0.15
L-Ile 0.00 0.00 0.00 0.00 0.08 0.13
L-Arg 0.00 0.00 0.00 0.00 0.00 0.03
TrypAMINO 0.00 0.00 0.00 0.00 0.00 0.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix1 0.05 0.05 0.05 0.05 0.05 0.05
Mineral premix2 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostat3 0.05 0.05 0.05 0.05 0.05 0.05
Calculated Amounts
AME, kcal/kg 3,280 3,280 3,280 3,280 3,280 3,280
CP, % 16.22 17.94 19.67 21.40 21.50 22.50
Lys, % 0.90 1.01 1.12 1.23 1.33 1.44
Met, % 0.41 0.47 0.53 0.59 0.67 0.74
TSAA, % 0.70 0.78 0.87 0.95 1.03 1.11
Thr, % 0.63 0.71 0.78 0.86 0.92 0.99
Trp, % 0.17 0.20 0.23 0.25 0.25 0.26
Arg, % 1.02 1.16 1.29 1.43 1.41 1.50
Ile, % 0.65 0.73 0.81 0.89 0.96 1.04
Leu, % 1.48 1.59 1.70 1.81 1.80 1.84
Val, % 0.77 0.85 0.93 1.02 1.10 1.18
1Provides per kg of diet: vitamin A (from vitamin A acetate) 7715 IU; cholecalciferol 5511 IU; vitamin
E (from dl-alpha-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg;
pantothenic acid 10 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thi-
amin (from thiamin mononitrate) 1.54 mg; pyridoxine (from pyridoxine HCl) 2.76 mg; d-biotin 0.066 mg;
ethoxyquin 125 mg.
2Provides per kg of diet: Mn (from MnSO4.H2O) 100 mg; Zn (from ZnSO4.7H2O) 50 mg; Cu (from
CuSO4.5H2O) 10 mg; I (from Ca(IO3)2.H2O 1 mg.
3Bio-Cox provided 60g salinomycin sodium activity per 907kg of feed
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Table 9: Effects of Amino Acid Concentration and Energy Level on the Body Weights of Fast
Growing Broilers
Energy Amino Acid % Day 14 Day 35 Day 42 Day 56
High
80 0.416cd±0.006 2.292±0.029 2.993±0.055 4.250±0.133
90 0.431bcd±0.006 2.432±0.029 3.180±0.055 4.704±0.133
100 0.451ab±0.006 2.518±0.029 3.315±0.055 4.717±0.133
110 0.459a±0.006 2.580±0.029 3.312±0.055 4.706±0.133
120 0.450ab±0.006 2.577±0.029 3.271±0.055 4.633±0.133
130 0.456ab±0.006 2.582±0.029 3.319±0.055 4.580±0.133
Low
80 0.379e±0.006 2.205±0.029 2.906±0.055 4.170±0.133
90 0.443abc±0.006 2.435±0.031 3.201±0.059 4.699±0.142
100 0.437abc±0.006 2.466±0.029 3.236±0.055 4.643±0.133
110 0.454ab±0.006 2.544±0.029 3.271±0.055 4.573±0.133
120 0.435abc±0.006 2.516±0.029 3.273±0.055 4.699±0.133
130 0.407d±0.006 2.465±0.029 3.248±0.055 4.699±0.133
P-Value <0.0001 0.4227 0.8977 0.9327
Energy
High 0.444a±0.002 2.497a±0.012 3.232±0.023 4.598±0.054
Low 0.426b±0.002 2.439b±0.012 3.189±0.023 4.580±0.055
P-Value <0.0001 0.0007 0.1817 0.8162
Amino Acid %
80 0.398c±0.004 2.248c±0.020 2.949b±0.039 4.210b±0.094
90 0.437b±0.004 2.433b±0.021 3.191a±0.041 4.702a±0.097
100 0.444ab±0.004 2.492ab±0.020 3.276a±0.039 4.680a±0.094
110 0.456a±0.004 2.562a±0.020 3.292a±0.039 4.639a±0.094
120 0.442ab±0.004 2.546a±0.020 3.272a±0.039 4.666a±0.094
130 0.431b±0.004 2.524a±0.020 3.284a±0.039 4.639a±0.094
P-Value <0.0001 <0.0001 <0.0001 0.0029
Values are LSMeans ± SEM
abcdeMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 10: Effects of Amino Acid Concentration and Energy Level on the Body Weights of Slow
Growing Broilers
Energy Amino Acid % Day 14 Day 35 Day 42 Day 56
High
80 0.342±0.009 2.010±0.031 2.649±0.050 3.996±0.108
90 0.379±0.009 2.225±0.031 2.967±0.050 4.472±0.108
100 0.393±0.009 2.356±0.031 3.127±0.050 4.522±0.108
110 0.391±0.009 2.405±0.031 3.145±0.050 4.474±0.108
120 0.398±0.009 2.406±0.031 3.220±0.050 4.683±0.108
130 0.413±0.009 2.507±0.031 3.280±0.050 4.757±0.108
Low
80 0.324±0.009 1.910±0.031 2.600±0.050 3.998±0.108
90 0.374±0.009 2.199±0.031 2.900±0.050 4.314±0.108
100 0.391±0.009 2.335±0.031 3.083±0.050 4.553±0.108
110 0.397±0.009 2.389±0.031 3.145±0.050 4.495±0.108
120 0.384±0.009 2.390±0.031 3.112±0.050 4.625±0.108
130 0.369±0.009 2.400±0.031 3.169±0.050 4.580±0.108
P-Value 0.1490 0.4475 0.8772 0.8771
Energy
High 0.386a±0.004 2.318a±0.013 3.065a±0.020 4.484±0.044
Low 0.373b±0.004 2.270b±0.013 3.001b±0.020 4.428±0.044
P-Value 0.0214 0.0100 0.0307 0.3696
Amino Acid %
80 0.333b±0.007 1.960d±0.022 2.624c±0.035 3.997b±0.076
90 0.377a±0.007 2.212c±0.022 2.934b±0.035 4.393a±0.076
100 0.392a±0.007 2.345b±0.022 3.105a±0.035 4.538a±0.076
110 0.394a±0.007 2.397ab±0.022 3.145a±0.035 4.485a±0.076
120 0.391a±0.007 2.398ab±0.022 3.166a±0.035 4.654a±0.076
130 0.391a±0.007 2.454a±0.022 3.225a±0.035 4.668a±0.076
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 11: Effects of Amino Acid Concentration and Energy Level on the Cumulative Body Weight
Gain of Fast Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 0.374cd±0.006 2.249±0.029 2.950±0.055 4.207±0.133
90 0.388bcd±0.006 2.389±0.029 3.137±0.055 4.661±0.133
100 0.408ab±0.006 2.475±0.029 3.273±0.055 4.674±0.133
110 0.416ab±0.006 2.537±0.029 3.269±0.055 4.663±0.133
120 0.407ab±0.006 2.534±0.029 3.228±0.055 4.590±0.133
130 0.413ab±0.006 2.539±0.029 3.276±0.055 4.537±0.133
Low
80 0.337e±0.006 2.162±0.029 2.863±0.055 4.127±0.133
90 0.400abc±0.006 2.391±0.031 3.158±0.059 4.656±0.142
100 0.394abc±0.006 2.423±0.029 3.193±0.055 4.600±0.133
110 0.411ab±0.006 2.501±0.029 3.228±0.055 4.530±0.133
120 0.392abc±0.006 2.472±0.029 3.230±0.055 4.655±0.133
130 0.364d±0.006 2.423±0.029 3.205±0.055 4.656±0.133
P-Value <0.0001 0.4296 0.8994 0.9327
Energy
High 0.401a±0.002 2.454a±0.012 3.189±0.023 4.555±0.054
Low 0.383b±0.002 2.396b±0.012 3.146±0.023 4.537±0.055
P-Value <0.0001 0.0007 0.1812 0 0.8156
Amino Acid %
80 0.355c±0.004 2.206c±0.020 2.907b±0.039 4.167b±0.094
90 0.394b±0.004 2.390b±0.021 3.148a±0.041 4.659a±0.097
100 0.401ab±0.004 2.449ab±0.020 3.233a±0.039 4.637a±0.094
110 0.413ab±0.004 2.519a±0.020 3.249a±0.039 4.596a±0.094
120 0.399ab±0.004 2.503a±0.020 3.229a±0.039 4.623a±0.094
130 0.389b±0.004 2.481a±0.020 3.241a±0.039 4.597a±0.094
P-Value <0.0001 <0.0001 <0.0000 0.0030
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 12: Effects of Amino Acid Concentration and Energy Level on the Body Weight Gain per
Feed Phase of Fast Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 0.374cd±0.006 1.875±0.027 0.701±0.037 1.257±0.089
90 0.388bcd±0.006 2.001±0.027 0.749±0.037 1.524±0.089
100 0.408ab±0.006 2.067±0.027 0.797±0.037 1.402±0.089
110 0.416ab±0.006 2.122±0.027 0.732±0.037 1.394±0.089
120 0.407ab±0.006 2.127±0.027 0.694±0.037 1.362±0.089
130 0.413ab±0.006 2.126±0.027 0.738±0.037 1.260±0.089
Low
80 0.337e±0.006 1.825±0.027 0.701±0.037 1.264±0.089
90 0.400abc±0.006 1.992±0.029 0.767±0.040 1.498±0.095
100 0.394abc±0.006 2.029±0.027 0.770±0.037 1.407±0.089
110 0.411ab±0.006 2.090±0.027 0.727±0.037 1.301±0.089
120 0.392abc±0.006 2.080±0.027 0.757±0.037 1.426±0.089
130 0.364d±0.006 2.059±0.027 0.782±0.037 1.451±0.089
P-Value <0.0001 0.9369 0.8463 0.7168
Energy
High 0.401a±0.002 2.053a±0.011 0.735±0.015 1.366±0.036
Low 0.383b±0.002 2.013b±0.011 0.751±0.015 1.391±0.037
P-Value <0.0001 0.0109 0.4766 0.6260
Amino Acid %
80 0.355c±0.004 1.850c±0.019 0.701±0.026 1.261±0.063
90 0.394b±0.004 1.996b±0.020 0.758±0.027 1.511±0.065
100 0.401ab±0.004 2.048ab±0.019 0.784±0.026 1.404±0.063
110 0.413ab±0.004 2.106a±0.019 0.729±0.026 1.348±0.063
120 0.399ab±0.004 2.104a±0.019 0.726±0.026 1.394±0.063
130 0.389b±0.004 2.092a±0.019 0.760±0.026 1.356±0.063
P-Value <0.0001 <0.0001 0.2950 0.1542
Values are LSMeans ± SEM
abcdeMeans in group of rows not sharing a common superscript differ (P≤0.05)
50
Table 13: Effects of Amino Acid Concentration and Energy Level on the Cumulative Body Weight
Gain of Slow Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 0.299±0.009 1.967±0.031 2.606±0.050 3.954±0.108
90 0.336±0.009 2.182±0.031 2.924±0.050 4.429±0.108
100 0.350±0.009 2.312±0.031 3.084±0.050 4.479±0.108
110 0.348±0.009 2.362±0.031 3.102±0.050 4.431±0.108
120 0.355±0.009 2.364±0.031 3.177±0.050 4.641±0.108
130 0.369±0.009 2.464±0.031 3.237±0.050 4.713±0.108
Low
80 0.281±0.009 1.867±0.031 2.557±0.050 3.955±0.108
90 0.331±0.009 2.156±0.031 2.857±0.050 4.272±0.108
100 0.348±0.009 2.293±0.031 3.040±0.050 4.510±0.108
110 0.354±0.009 2.346±0.031 3.102±0.050 4.452±0.108
120 0.341±0.009 2.347±0.031 3.069±0.050 4.582±0.108
130 0.326±0.009 2.357±0.031 3.126±0.050 4.537±0.108
P-Value 0.1391 0.4452 0.8755 0.8768
Energy
High 0.343a±0.004 2.275a±0.013 3.022a±0.020 4.441±0.044
Low 0.330b±0.004 2.228b±0.013 2.958b±0.020 4.385±0.044
P-Value 0.0214 0.0101 0.0310 0.3705
Amino Acid %
80 0.290b±0.007 1.917d±0.022 2.581c±0.035 3.954b±0.076
90 0.334a±0.007 2.169c±0.022 2.891b±0.035 4.350a±0.076
100 0.349a±0.007 2.303b±0.022 3.062a±0.035 4.495a±0.076
110 0.351a±0.007 2.354ab±0.022 3.102a±0.035 4.442a±0.076
120 0.348a±0.007 2.355ab±0.022 3.123a±0.035 4.611a±0.076
130 0.348a±0.007 2.411a±0.022 3.182a±0.035 4.625a±0.076
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 14: Effects of Amino Acid Concentration and Energy Level on the Body Weight Gain per
Feed Phase of Slow Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 0.299±0.009 1.668±0.026 0.639±0.028 1.347±0.076
90 0.336±0.009 1.846±0.026 0.742±0.028 1.504±0.076
100 0.350±0.009 1.963±0.026 0.771±0.028 1.395±0.076
110 0.348±0.009 2.013±0.026 0.740±0.028 1.329±0.076
120 0.355±0.009 2.009±0.026 0.814±0.028 1.463±0.076
130 0.369±0.009 2.095±0.026 0.773±0.028 1.476±0.076
Low
80 0.281±0.009 1.587±0.026 0.689±0.028 1.399±0.076
90 0.331±0.009 1.825±0.026 0.701±0.028 1.414±0.076
100 0.348±0.009 1.944±0.026 0.747±0.028 1.470±0.076
110 0.354±0.009 1.992±0.026 0.756±0.028 1.351±0.076
120 0.341±0.009 2.006±0.026 0.722±0.028 1.513±0.076
130 0.326±0.009 2.030±0.026 0.769±0.028 1.411±0.076
P-Value 0.1391 0.6244 0.2073 0.8466
Energy
High 0.343a±0.004 1.932a±0.011 0.746±0.012 1.419±0.031
Low 0.330b±0.004 1.897b±0.011 0.731±0.012 1.426±0.031
P-Value 0.02141 0.0212 0.3444 0.8724
Amino Acid %
80 0.290b±0.007 1.627d±0.018 0.664b±0.020 1.373±0.054
90 0.334a±0.007 1.835c±0.018 0.722ab±0.020 1.459±0.054
100 0.349a±0.007 1.953b±0.018 0.759a±0.020 1.433±0.054
110 0.351a±0.007 2.002ab±0.018 0.748a±0.020 1.340±0.054
120 0.348a±0.007 2.007ab±0.018 0.768a±0.020 1.488±0.054
130 0.348a±0.007 2.063a±0.018 0.771a±0.020 1.444±0.054
P-Value <0.0001 <0.0001 0.0022 0.3815
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 15: Effects of Amino Acid Concentration and Energy Level on the Cumulative Feed:Gain
of Fast Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 1.358b±0.014 1.594±0.010 1.659±0.010 1.790±0.014
90 1.306bc±0.014 1.518±0.010 1.585±0.010 1.694±0.014
100 1.251cd±0.014 1.458±0.010 1.526±0.010 1.664±0.014
110 1.239cd±0.015 1.430±0.010 1.515±0.011 1.660±0.015
120 1.232d±0.014 1.397±0.010 1.497±0.010 1.642±0.014
130 1.222d±0.014 1.400±0.010 1.490±0.010 1.649±0.014
Low
80 1.455a±0.014 1.629±0.010 1.686±0.010 1.816±0.014
90 1.288cd±0.015 1.555±0.010 1.626±0.011 1.745±0.015
100 1.282cd±0.014 1.482±0.010 1.555±0.010 1.705±0.014
110 1.261cd±0.014 1.459±0.010 1.546±0.010 1.691±0.014
120 1.265cd±0.014 1.466±0.010 1.544±0.010 1.690±0.014
130 1.261cd±0.014 1.448±0.010 1.521±0.011 1.668±0.015
P-Value 0.0080 0.2284 0.8915 0.8564
Energy
High 1.268b±0.006 1.466b±0.004 1.545b± 1.683b±0.006
Low 1.302a±0.006 1.507a±0.004 1.580a± 1.719a±0.006
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Amino Acid %
80 1.406a±0.010 1.611a±0.007 1.673a±0.007 1.803a±0.010
90 1.297b±0.010 1.537b±0.007 1.605b±0.007 1.719b±0.010
100 1.267bc±0.010 1.470c±0.007 1.540c±0.007 1.685bc±0.010
110 1.250c±0.010 1.444cd±0.007 1.530cd±0.007 1.675bc±0.010
120 1.249c±0.010 1.431d±0.007 1.521cd±0.007 1.666c±0.010
130 1.242c±0.010 1.424d±0.007 1.505d±0.007 1.659c±0.010
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 16: Effects of Amino Acid Concentration and Energy Level on Feed:Gain per Phase of Fast
Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 1.358b±0.014 1.642±0.012 1.947±0.051 2.390±0.108
90 1.306bc±0.014 1.560±0.012 1.880±0.051 2.102±0.108
100 1.251cd±0.014 1.500±0.012 1.815±0.051 2.330±0.108
110 1.239cd±0.015 1.468±0.012 1.929±0.055 2.335±0.116
120 1.232d±0.014 1.429±0.012 1.924±0.055 2.321±0.108
130 1.222d±0.014 1.435±0.012 1.932±0.051 2.410±0.108
Low
80 1.455a±0.014 1.662±0.012 1.923±0.051 2.413±0.108
90 1.288cd±0.015 1.610±0.012 1.923±0.055 2.202±0.116
100 1.282cd±0.014 1.522±0.012 1.859±0.051 2.334±0.108
110 1.261cd±0.014 1.499±0.012 1.881±0.055 2.409±0.108
120 1.265cd±0.014 1.505±0.012 1.898±0.051 2.348±0.108
130 1.261cd±0.014 1.484±0.012 1.825±0.055 2.286±0.108
P-Value 0.0080 0.1584 0.7084 0.9371
Energy
High 1.268b±0.006 1.506b±0.005 1.905±0.021 2.315±0.045
Low 1.302a±0.006 1.547a±0.005 1.885±0.022 2.332±0.045
P-Value <0.0001 <0.0001 0.5361 0.8041
Amino Acid %
80 1.406a±0.010 1.652a±0.008 1.935±0.036 2.402±0.077
90 1.297b±0.010 1.585b±0.008 1.901±0.037 2.152±0.079
100 1.267bc±0.010 1.511c±0.008 1.837±0.036 2.332±0.077
110 1.250c±0.010 1.483cd±0.008 1.905±0.039 2.372±0.079
120 1.249c±0.010 1.467d±0.008 1.911±0.037 2.335±0.077
130 1.242c±0.010 1.459d±0.008 1.879±0.037 2.348±0.077
P-Value <0.0001 <0.0001 0.5313 0.2720
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 17: Effects of Amino Acid Concentration and Energy Level on the Cumulative Feed:Gain
of Slow Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 1.451±0.021 1.586b±0.008 1.667b±0.007 1.778±0.017
90 1.357±0.021 1.518c±0.008 1.581d±0.008 1.704±0.018
100 1.304±0.021 1.436de±0.008 1.507 f gh±0.007 1.682±0.017
110 1.292±0.021 1.389 f±0.008 1.476hi±0.007 1.652±0.017
120 1.278±0.021 1.375 f g±0.008 1.445i j±0.007 1.616±0.017
130 1.242±0.021 1.341g±0.008 1.430 j±0.007 1.599±0.017
Low
80 1.510±0.021 1.675a±0.008 1.730a±0.007 1.840±0.017
90 1.379±0.021 1.550bc±0.008 1.622c±0.007 1.754±0.017
100 1.322±0.021 1.466d±0.008 1.548de±0.007 1.700±0.017
110 1.270±0.021 1.429de±0.008 1.512 f g±0.007 1.678±0.017
120 1.327±0.021 1.431de±0.008 1.528e f±0.007 1.694±0.017
130 1.307±0.021 1.399e f±0.008 1.485gh±0.007 1.644±0.017
P-Value 0.3111 0.0067 0.0210 0.5122
Energy
High 1.321b±0.009 1.441b±0.003 1.518b±0.003 1.672b±0.007
Low 1.352a±0.009 1.491a±0.003 1.571a±0.003 1.718a±0.007
P-Value 0.0099 <0.0001 <0.0001 <0.0001
Amino Acid %
80 1.480a±0.015 1.630a±0.006 1.699a±0.005 1.809a±0.012
90 1.368b±0.015 1.534b±0.006 1.602b±0.005 1.729b±0.012
100 1.313bc±0.015 1.451c±0.006 1.527c±0.005 1.691bc±0.012
110 1.281c±0.015 1.409d±0.006 1.494d±0.005 1.665cd±0.012
120 1.302c±0.015 1.403d±0.006 1.486d±0.005 1.655cd±0.012
130 1.275c±0.015 1.370e±0.006 1.457e±0.005 1.621d±0.012
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcde f ghi jMeans in group of rows not sharing a common superscript differ (P≤0.05)
55
Table 18: Effects of Amino Acid Concentration and Energy Level on Feed:Gain per Phase of Slow
Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 1.451±0.021 1.611b±0.010 1.888±0.041 2.155±0.113
90 1.357±0.021 1.547c±0.010 1.831±0.041 2.133±0.120
100 1.304±0.021 1.461d±0.010 1.782±0.039 2.440±0.113
110 1.292±0.021 1.406 f g±0.010 1.845±0.039 2.391±0.113
120 1.278±0.021 1.393gh±0.010 1.721±0.039 2.301±0.113
130 1.242±0.021 1.359h±0.010 1.818±0.039 2.294±0.113
Low
80 1.510±0.021 1.705a±0.010 1.927±0.039 2.181±0.113
90 1.379±0.021 1.583bc±0.010 1.920±0.039 2.221±0.113
100 1.322±0.021 1.492d±0.010 1.884±0.039 2.281±0.113
110 1.270±0.021 1.458de±0.010 1.857±0.039 2.367±0.113
120 1.327±0.021 1.449de f±0.010 1.954±0.039 2.396±0.113
130 1.307±0.021 1.415e f g±0.010 1.841±0.039 2.317±0.113
P-Value 0.3111 0.0286 0.0551 0.8880
Energy
High 1.321b±0.009 1.463b±0.004 1.814b±0.016 2.286±0.047
Low 1.352a±0.009 1.517a±0.004 1.897a±0.016 2.294±0.046
P-Value 0.0099 <0.0001 0.0004 0.9083
Amino Acid %
80 1.480a±0.015 1.658a±0.007 1.908±0.028 2.168±0.080
90 1.368b±0.015 1.565b±0.007 1.875±0.028 2.177±0.082
100 1.313bc±0.015 1.476c±0.007 1.833±0.027 2.361±0.080
110 1.281c±0.015 1.432d±0.007 1.851±0.027 2.379±0.080
120 1.302c±0.015 1.421d±0.007 1.837±0.027 2.348±0.080
130 1.275c±0.015 1.387e±0.007 1.829±0.027 2.305±0.080
P-Value <0.0001 <0.0001 0.2855 0.2516
Values are LSMeans ± SEM
abcde f ghMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 19: Effects of Amino Acid Concentration and Energy Level on Cumulative Feed Intake per
Bird of Fast Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 0.507a±0.006 3.584±0.044 4.893±0.078 7.517±0.192
90 0.507a±0.006 3.625±0.044 4.968±0.078 7.886±0.192
100 0.510a±0.006 3.609±0.044 4.993±0.078 7.769±0.192
110 0.514a±0.007 3.624±0.047 4.953±0.083 7.732±0.205
120 0.501a±0.006 3.541±0.044 4.831±0.078 7.532±0.192
130 0.504a±0.006 3.553±0.044 4.881±0.078 7.473±0.192
Low
80 0.489a±0.006 3.520±0.044 4.826±0.078 7.486±0.192
90 0.514a±0.007 3.720±0.047 5.135±0.083 8.117±0.205
100 0.505a±0.006 3.591±0.044 4.963±0.078 7.839±0.192
110 0.518a±0.006 3.650±0.044 4.986±0.078 7.643±0.192
120 0.496a±0.006 3.625±0.044 4.987±0.078 7.860±0.192
130 0.459b±0.006 3.507±0.044 4.877±0.083 7.741±0.205
P-Value 0.0007 0.3459 0.5698 0.8605
Energy
High 0.507a±0.003 3.589±0.018 4.920±0.032 7.651±0.079
Low 0.497b±0.003 3.602±0.018 4.962±0.032 7.781±0.080
P-Value 0.0052 0.6404 0.3651 0.2544
Amino Acid %
80 0.498ab±0.004 3.552ab±0.031 4.860±0.055 7.501±0.136
90 0.511a±0.005 3.672a±0.032 5.052±0.057 8.002±0.140
100 0.508a±0.004 3.600ab±0.031 4.978±0.055 7.804±0.136
110 0.516a±0.005 3.637ab±0.032 4.969±0.057 7.688±0.140
120 0.498ab±0.004 3.583ab±0.031 4.909±0.055 7.696±0.136
130 0.482b±0.004 3.530b±0.031 4.879±0.057 7.607±0.140
P-Value <0.0001 0.0244 0.1773 0.1905
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 20: Effects of Amino Acid Concentration and Energy Level on Feed Intake per Bird of Fast
Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 0.507a±0.006 3.077±0.042 1.359±0.046 2.928±0.132
90 0.507a±0.006 3.119±0.042 1.393±0.046 3.179±0.132
100 0.510a±0.006 3.100±0.042 1.441±0.046 3.181±0.132
110 0.514a±0.007 3.112±0.045 1.399±0.049 3.170±0.141
120 0.501a±0.006 3.042±0.042 1.405±0.049 3.140±0.132
130 0.504a±0.006 3.050±0.042 1.409±0.046 2.983±0.132
Low
80 0.489a±0.006 3.032±0.042 1.349±0.046 2.999±0.132
90 0.514a±0.007 3.206±0.045 1.469±0.049 3.269±0.141
100 0.505a±0.006 3.087±0.042 1.424±0.046 3.246±0.132
110 0.518a±0.006 3.133±0.042 1.422±0.049 3.021±0.132
120 0.496a±0.006 3.131±0.042 1.430±0.046 3.302±0.132
130 0.459b±0.006 3.052±0.042 1.437±0.049 3.301±0.132
P-Value 0.0007 0.5280 0.9392 0.6717
Energy
High 0.507a±0.003 3.083±0.017 1.401±0.019 3.097±0.055
Low 0.497b±0.003 3.107±0.017 1.422±0.019 3.189±0.055
P-Value 0.0052 0.3499 0.4680 0.2213
Amino Acid %
80 0.498ab±0.004 3.055±0.030 1.354±0.032 2.964±0.093
90 0.511a±0.005 3.163±0.031 1.431±0.034 3.224±0.097
100 0.508a±0.004 3.093±0.030 1.433±0.032 3.214±0.093
110 0.516a±0.005 3.123±0.031 1.411±0.035 3.096±0.097
120 0.498ab±0.004 3.086±0.030 1.417±0.034 3.221±0.093
130 0.482b±0.004 3.051±0.030 1.423±0.034 3.142±0.093
P-Value <0.0001 0.1042 0.5582 0.3250
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 21: Effects of Amino Acid Concentration and Energy Level on Cumulative Feed Intake per
Bird of Slow Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 0 - 35 Day 0 - 42 Day 0 - 56
High
80 0.433±0.008 3.116±0.043 4.342±0.070 7.032±0.156
90 0.455±0.008 3.322±0.046 4.620±0.075 7.505±0.167
100 0.456±0.008 3.321±0.043 4.646±0.070 7.507±0.156
110 0.449±0.008 3.279±0.043 4.576±0.070 7.308±0.156
120 0.452±0.008 3.250±0.043 4.591±0.070 7.500±0.156
130 0.458±0.008 3.304±0.043 4.629±0.070 7.536±0.156
Low
80 0.422±0.008 3.125±0.043 4.423±0.070 7.277±0.156
90 0.455±0.008 3.341±0.043 4.633±0.070 7.479±0.156
100 0.460±0.008 3.360±0.043 4.705±0.070 7.663±0.156
110 0.450±0.008 3.352±0.043 4.688±0.070 7.459±0.156
120 0.452±0.008 3.357±0.043 4.688±0.070 7.757±0.156
130 0.426±0.008 3.296±0.043 4.641±0.070 7.450±0.156
P-Value 0.2196 0.7702 0.9705 0.8429
Energy
High 0.450±0.003 3.266±0.018 4.567±0.029 7.398±0.064
Low 0.444±0.003 3.305±0.017 4.630±0.029 7.514±0.064
P-Value 0.1705 0.1104 0.1277 0.1965
Amino Acid %
80 0.428b±0.006 3.121b±0.030 4.383b±0.050 7.154b±0.110
90 0.455a±0.006 3.331a±0.031 4.626a±0.051 7.492ab±0.114
100 0.458a±0.006 3.341a±0.030 4.675a±0.050 7.585ab±0.110
110 0.449ab±0.006 3.315a±0.030 4.632a±0.050 7.383ab±0.110
120 0.452a±0.006 3.304a±0.030 4.640a±0.050 7.629a±0.110
130 0.442ab±0.006 3.300a±0.030 4.635a±0.050 7.493ab±0.110
P-Value 0.0039 <0.0001 0.0009 0.0448
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 22: Effects of Amino Acid Concentration and Energy Level on Feed Intake per Bird of Slow
Growing Broilers
Energy Amino Acid % Day 0 - 14 Day 14 - 35 Day 35 - 42 Day 42 - 56
High
80 0.433±0.008 2.684±0.037 1.250±0.039 2.903±0.126
90 0.455±0.008 2.872±0.040 1.335±0.039 3.133±0.135
100 0.456±0.008 2.866±0.037 1.371±0.037 3.229±0.126
110 0.449±0.008 2.831±0.037 1.360±0.037 3.118±0.126
120 0.452±0.008 2.800±0.037 1.400±0.037 3.347±0.126
130 0.458±0.008 2.847±0.037 1.399±0.037 3.372±0.126
Low
80 0.422±0.008 2.704±0.037 1.328±0.037 3.039±0.126
90 0.455±0.008 2.887±0.037 1.339±0.037 3.094±0.126
100 0.460±0.008 2.901±0.037 1.399±0.037 3.327±0.126
110 0.450±0.008 2.903±0.037 1.394±0.037 3.157±0.126
120 0.452±0.008 2.906±0.037 1.402±0.037 3.606±0.126
130 0.426±0.008 2.872±0.037 1.414±0.037 3.217±0.126
P-Value 0.2196 0.8005 0.9268 0.6652
Energy
High 0.450±0.003 2.817b±0.015 1.353±0.015 3.183±0.052
Low 0.444±0.003 2.862a±0.015 1.379±0.015 3.240±0.051
P-Value 0.1705 0.0364 0.2253 0.4322
Amino Acid %
80 0.428b±0.006 2.694b±0.026 1.289b±0.027 2.971b±0.089
90 0.455a±0.006 2.880a±0.027 1.337ab±0.027 3.114ab±0.092
100 0.458a±0.006 2.884a±0.026 1.385ab±0.026 3.278ab±0.089
110 0.449ab±0.006 2.867a±0.026 1.377ab±0.026 3.137ab±0.089
120 0.452a±0.006 2.853a±0.026 1.401a±0.026 3.477a±0.089
130 0.442ab±0.006 2.860a±0.026 1.406a±0.026 3.295ab±0.089
P-Value 0.0039 <0.0001 0.0248 0.0032
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 23: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Fast Growing Broilers at 35 Days of Age
Carcass
Energy Amino Acid % Live Weight, g Weight, g Yield, %
High
80 2,262±40 1,673±31 73.93 ±0.30
90 2,383±40 1,774±31 74.41 ±0.30
100 2,491±40 1,871±31 75.11 ±0.30
110 2,559±43 1,917±33 74.87 ±0.32
120 2,618±40 1,977±31 75.52 ±0.30
130 2,547±40 1,928±31 75.73 ±0.30
Low
80 2,240±40 1,644±31 73.35 ±0.30
90 2,425±43 1,807±33 74.50 ±0.32
100 2,458±40 1,845±31 75.03 ±0.30
110 2,532±40 1,894±31 74.82 ±0.30
120 2,512±40 1,889±31 75.20 ±0.30
130 2,431±40 1,819±31 74.75 ±0.30
P-Value 0.4069 0.2512 0.4903
Energy
High 2,476±17 1,857a±13 74.93±0.12
Low 2,433±17 1,816b±13 74.61±0.12
P-Value 0.0631 0.0232 0.0635
Amino Acid %
80 2,251c±29 1,659c±22 73.64c±0.21
90 2,404b±30 1,790b±22 74.45bc±0.22
100 2,475ab±29 1,858ab±22 75.07ab±0.21
110 2,545a±30 1,905a±22 74.85ab±0.22
120 2,565a±29 1,933a±22 75.36a±0.21
130 2,489ab±29 1,874ab±22 75.24ab±0.21
P-Value <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 24: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Fast Growing Broilers at 35 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 380±11 16.68±0.24 81±2 3.56±0.05
90 434±11 18.16±0.24 90±2 3.79±0.05
100 478±11 19.16±0.24 101±2 4.04±0.05
110 501±12 19.55±0.26 104±2 4.08±0.06
120 521±11 19.88±0.24 105±2 4.01±0.05
130 492±11 19.29±0.24 101±2 3.97±0.05
Low
80 377±11 16.78±0.24 81±2 3.60±0.05
90 447±12 18.39±0.26 93±2 3.84±0.06
100 477±11 19.36±0.24 100±2 4.10±0.05
110 489±11 19.31±0.24 103±2 4.05±0.05
120 489±11 19.46±0.24 102±2 4.06±0.05
130 465±11 19.04±0.24 99±2 4.07±0.05
P-Value 0.3406 0.6774 0.7299 0.9030
Energy
High 467±5 18.79±0.10 97±1 3.91±0.02
Low 457±5 18.72±0.10 96±1 3.95±0.02
P-Value 0.1174 0.6402 0.4743 0.1456
Amino Acid %
80 378c±8 16.73c±0.17 81c±1 3.58c±0.04
90 440b±8 18.27b±0.18 92b±1 3.81b±0.04
100 477a±8 19.26a±0.17 101a±1 4.07a±0.04
110 495a±8 19.43a±0.18 103a±1 4.06a±0.04
120 505a±8 19.67a±0.17 103a±1 4.04a±0.04
130 478a±8 19.17a±0.17 100a±1 4.02a±0.04
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 25: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Fast Growing Broilers at 35 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 172±3 7.60±0.06 521±9 23.07±0.19
90 181±3 7.61±0.06 545±9 22.87±0.19
100 189±3 7.59±0.06 563±9 22.62±0.19
110 192±3 7.53±0.06 566±10 22.08±0.21
120 198±3 7.59±0.06 591±9 22.57±0.19
130 194±3 7.63±0.06 583±9 22.92±0.19
Low
80 166±3 7.41±0.06 516±9 23.07±0.19
90 183±3 7.53±0.06 547±10 22.59±0.21
100 184±3 7.51±0.06 555±9 22.62±0.19
110 193±3 7.61±0.06 565±9 22.30±0.19
120 189±3 7.54±0.06 569±9 22.64±0.19
130 184±3 7.57±0.06 559±9 22.98±0.19
P-Value 0.2905 0.3922 0.6052 0.8855
Energy
High 188a±1 7.59±0.02 561±4 22.69±0.08
Low 183b±1 7.53±0.02 552±4 22.70±0.08
P-Value 0.0065 0.0667 0.0661 0.8983
Amino Acid %
80 169c±2 7.51±0.04 519c±6 23.07a±0.14
90 182b±2 7.57±0.04 546b±7 22.73ab±0.14
100 187ab±2 7.55±0.04 559ab±6 22.62ab±0.14
110 192a±2 7.57±0.04 565ab±7 22.19b±0.14
120 194a±2 7.57±0.04 580a±6 22.60ab±0.14
130 189ab±2 7.60±0.04 571ab±6 22.95a±0.14
P-Value <0.0001 0.7086 <0.0001 0.0007
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 26: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Slow Growing Broilers at 35 Days of Age
Carcass
Energy Amino Acid % Live Weight, g Weight, g Yield, %
High
80 2,013±42 1,502±33 74.50±0.28
90 2,221±42 1,688±33 75.97±0.28
100 2,348±42 1,800±33 76.71±0.28
110 2,350±42 1,801±33 76.63±0.28
120 2,323±42 1,778±33 76.52±0.28
130 2,473±42 1,907±33 77.13±0.28
Low
80 1,923±42 1,426±33 74.08±0.28
90 2,205±42 1,675±33 76.00±0.28
100 2,314±42 1,759±33 76.01±0.28
110 2,388±42 1,838±33 76.97±0.28
120 2,374±42 1,811±33 76.27±0.28
130 2,356±42 1,793±33 76.13±0.28
P-Value 0.2781 0.1588 0.1825
Energy
High 2,288±17 1,746±14 76.24a±0.11
Low 2,260±17 1,717±14 75.91b±0.11
P-Value 0.2438 0.1320 0.0422
Amino Acid %
80 1,968c±29 1,464c±23 74.29 c±0.20
90 2,213b±29 1,682b±23 75.99 b±0.20
100 2,331ab±29 1,779a±23 76.36 ab±0.20
110 2,369a±29 1,820a±23 76.80 a±0.20
120 2,348a±29 1,794a±23 76.40 ab±0.20
130 2,414a±29 1,850a±23 76.63 ab±0.20
P-Value <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 27: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Slow Growing Broilers at 35 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 352±12 17.38±0.24 77±2 3.82±0.06
90 429±12 19.20±0.24 90±2 4.05±0.06
100 500±12 21.30±0.24 101±2 4.29±0.06
110 496±12 21.07±0.24 106±2 4.49±0.06
120 496±12 21.32±0.24 100±2 4.30±0.06
130 538±12 21.73±0.24 111±2 4.48±0.06
Low
80 336±12 17.41±0.24 73±2 3.80±0.06
90 441±12 19.96±0.24 90±2 4.11±0.06
100 484 ±12 20.82±0.24 101±2 4.39±0.06
110 504±12 21.07±0.24 104±2 4.36±0.06
120 513±12 21.56±0.24 105±2 4.44±0.06
130 499±12 21.18±0.24 104±2 4.43±0.06
P-Value 0.1786 0.0866 0.1988 0.2268
Energy
High 468±5 20.33±0.10 97±1 4.24±0.02
Low 463±5 20.33±0.10 96±1 4.25±0.02
P-Value 0.4211 0.9978 0.5298 0.6313
Amino Acid %
80 344c±9 17.39c±0.17 75c±2 3.81c±0.04
90 435b±9 19.58b±0.17 90b±2 4.08b±0.04
100 492a±9 21.06a±0.17 101a±2 4.34a±0.04
110 500a±9 21.07a±0.17 105a±2 4.42a±0.04
120 504a±9 21.44a±0.17 103a±2 4.37a±0.04
130 519a±9 21.46a±0.17 108a±2 4.46a±0.04
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 28: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Slow Growing Broilers at 35 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 150±3 7.46±0.06 471±10 23.43±0.19
90 166±3 7.50±0.06 507±10 22.87±0.19
100 172±3 7.34±0.06 519±10 22.09±0.19
110 174±3 7.41±0.06 527±10 22.41±0.19
120 173±3 7.47±0.06 520±10 22.40±0.19
130 184±3 7.47±0.06 554±10 22.38±0.19
Low
80 144±3 7.47±0.06 446±10 23.21±0.19
90 162±3 7.34±0.06 501±10 22.71±0.19
100 169±3 7.33±0.06 515±10 22.26±0.19
110 176±3 7.39±0.06 535±10 22.42±0.19
120 173±3 7.32±0.06 522±10 22.01±0.19
130 173±3 7.36±0.06 526±10 22.35±0.19
P-Value 0.2150 0.6180 0.3673 0.7523
Energy
High 170a±1 7.44a±0.03 516±4 22.60±0.08
Low 166b±1 7.37b±0.03 508±4 22.49±0.08
P-Value 0.0263 0.0425 0.1318 0.3518
Amino Acid %
80 147c±2 7.47±0.04 459c±7 23.32a±0.13
90 164b±2 7.42±0.04 504b±7 22.79ab±0.13
100 171ab±2 7.33±0.04 517ab±7 22.18c±0.13
110 175a±2 7.40±0.04 531ab±7 22.42bc±0.13
120 173a±2 7.39±0.04 521ab±7 22.20c±0.13
130 179a±2 7.41±0.04 540a±7 22.37bc±0.13
P-Value <0.0001 0.4426 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 29: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Fast Growing Broilers at 42 Days of Age
Carcass Abdominal Fat
Energy Amino Acid % Live Weight, g Weight, g Yield, % Weight, g Yield, %
High
80 3,036±67 2,330±53 76.40±0.29 47a±2 1.55±0.08
90 3,174±67 2,454±53 77.28±0.29 39abcd±2 1.24±0.08
100 3,342±67 2,590±53 77.46±0.29 38bcd±2 1.13±0.08
110 3,354±72 2,602±57 77.60±0.31 36cd±3 1.07±0.08
120 3,301±67 2,556±53 77.45±0.29 34cd±2 1.02±0.08
130 3,347±67 2,610±53 77.96±0.29 30d±2 0.90±0.08
Low
80 2,943±67 2,242±53 76.11±0.29 40abc±2 1.39±0.08
90 3,198±72 2,471±57 77.28±0.31 48ab±3 1.50±0.08
100 3,262±67 2,542±53 77.93±0.29 32d±2 0.98±0.08
110 3,321±67 2,583±53 77.76±0.29 35cd±2 1.06±0.08
120 3,274±67 2,528±53 77.11±0.29 33d±2 1.01±0.08
130 3,245±67 2,507±53 77.17±0.29 34cd±2 1.03±0.08
P-Value 0.9378 0.8820 0.3518 0.0162 0.0780
Energy
High 3,259±28 2,523±22 77.36±0.12 37±1 1.15±0.03
Low 3,207±28 2,479±22 77.23±0.12 37±1 1.16±0.03
P-Value 0.1807 0.1451 0.4195 0.8207 0.8242
Amino Acid %
80 2,990b±47 2,286b±37 76.26b±0.20 44a±2 1.47a±0.06
90 3,186ab±49 2,462a±39 77.28a±0.21 44a±2 1.37a±0.06
100 3,302a±47 2,566a±37 77.70a±0.20 35b±2 1.05b±0.06
110 3,337a±49 2,592a±39 77.68a±0.21 35b±2 1.06b±0.06
120 3,287a±47 2,542a±37 77.28a±0.20 33b±2 1.02b±0.06
130 3,296a±47 2,558a±37 77.56a±0.20 32b±2 0.97b±0.06
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 30: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Fast Growing Broilers at 42 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 581±21 18.94±0.31 121±4 3.96±0.06
90 647±21 20.32±0.31 131±4 4.13±0.06
100 683±21 20.38±0.31 141±4 4.22±0.06
110 699±22 20.80±0.33 145±4 4.32±0.06
120 694±21 21.00±0.31 142±4 4.32±0.06
130 710±21 21.16±0.31 144±4 4.29±0.06
Low
80 551±21 18.62±0.31 116±4 3.94±0.06
90 644±22 20.14±0.33 132±4 4.13±0.06
100 685±21 20.95±0.31 141±4 4.32±0.06
110 712±21 21.38±0.31 140±4 4.21±0.06
120 679±21 20.66±0.31 140±4 4.27±0.06
130 677±21 20.83±0.31 141±4 4.33±0.06
P-Value 0.8560 0.4087 0.9714 0.6276
Energy
High 669±9 20.43±0.13 137±2 4.21±0.02
Low 658±9 20.43±0.13 135±2 4.20±0.02
P-Value 0.3451 0.9526 0.2839 0.8392
Amino Acid %
80 566b±15 18.78b±0.22 118b±3 3.95c±0.04
90 646a±15 20.23a±0.23 132a±3 4.13b±0.04
100 684a±15 20.67a±0.22 141a±3 4.27ab±0.04
110 706a±15 21.09a±0.23 142a±3 4.27ab±0.04
120 686a±15 20.83a±0.22 141a±3 4.30ab±0.04
130 693a±15 20.99a±0.22 142a±3 4.31a±0.04
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 31: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Fast Growing Broilers at 42 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 233±5 7.65±0.06 708±16 23.23±0.27
90 240±5 7.56±0.06 738±16 23.25±0.27
100 253±5 7.59±0.06 786±16 23.49±0.27
110 253±6 7.56±0.07 780±17 23.26±0.29
120 249±5 7.56±0.06 761±16 23.12±0.27
130 260±5 7.78±0.06 786±16 23.51±0.27
Low
80 225±5 7.66±0.06 687±16 23.38±0.27
90 243±6 7.59±0.07 754±17 23.60±0.29
100 248±5 7.62±0.06 767±16 23.51±0.27
110 254±5 7.66±0.06 768±16 23.19±0.27
120 248±5 7.59±0.06 766±16 23.38±0.27
130 248±5 7.65±0.06 741±16 22.79±0.27
P-Value 0.7050 0.6095 0.4756 0.4168
Energy
High 248±2 7.62±0.03 760±6 23.31±0.11
Low 245±2 7.63±0.03 747±6 23.31±0.11
P-Value 0.2318 0.7966 0.1689 0.9790
Amino Acid %
80 229b±4 7.66±0.04 697b±11 23.31±0.19
90 241ab±4 7.58±0.05 746a±11 23.43±0.20
100 251a±4 7.60±0.04 776a±11 23.50±0.19
110 254a±4 7.61±0.05 774a±11 23.22±0.20
120 249a±4 7.58±0.04 764a±11 23.25±0.19
130 254a±4 7.72±0.04 763a±11 23.15±0.19
P-Value <0.0001 0.1893 <0.0001 0.8066
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 32: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Slow Growing Broilers at 42 Days of Age
Carcass Abdominal Fat
Energy Amino Acid % Live Weight, g Weight, g Yield, % Weight, g Yield, %
High
80 2,756±61 2,128±48 76.72±0.24 51±2 1.86±0.08
90 2,968±61 2,303±48 77.74±0.24 48±2 1.63±0.08
100 3,124±61 2,428±48 77.69±0.24 46±2 1.51±0.08
110 3,156±61 2,468±48 77.76±0.24 35±2 1.12±0.08
120 3,258±61 2,550±48 78.03±0.24 36±2 1.10±0.08
130 3,144±61 2,486±48 78.42±0.24 37±2 1.19±0.08
Low
80 2,671±61 2,038±48 76.39±0.24 48±2 1.80±0.08
90 2,966±61 2,309±48 77.85±0.24 47±2 1.58±0.08
100 3,048±61 2,368±48 78.06±0.24 45±2 1.49±0.08
110 3,176±61 2,479±48 78.08±0.24 37±2 1.17±0.08
120 3,124±61 2,443±48 78.17±0.24 36±2 1.15±0.08
130 3,262±61 2,540±48 77.90±0.24 31±2 0.96±0.08
P-Value 0.3719 0.4957 0.3743 0.7009 0.5005
Energy
High 3,067±25 2,394±20 77.73±0.10 42±1 1.40±0.03
Low 3,041±25 2,363±20 77.74±0.10 41±1 1.36±0.03
P-Value 0.4628 0.2646 0.9146 0.2405 0.3276
Amino Acid %
80 2,713c±43 2,083c±34 76.56b±0.17 50a±2 1.83a±0.06
90 2,967b±43 2,306b±34 77.79a±0.17 48a±2 1.60ab±0.06
100 3,086ab±43 2,398ab±34 77.88a±0.17 46a±2 1.50b±0.06
110 3,166a±43 2,474a±34 77.92a±0.17 36b±2 1.14c±0.06
120 3,191a±43 2,497a±34 78.10a±0.17 36b±2 1.12c±0.06
130 3,203a±43 2,513a±34 78.16a±0.17 34b±2 1.08c±0.06
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 33: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Slow Growing Broilers at 42 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 525±19 18.84±0.31 109±3 3.94±0.07
90 632±19 21.30±0.31 128±3 4.30±0.07
100 715±19 22.84±0.31 136±3 4.34±0.07
110 717±19 22.52±0.31 140±3 4.42±0.07
120 749±19 22.90±0.31 146±3 4.50±0.07
130 713±19 22.43±0.31 147±3 4.64±0.07
Low
80 503±19 18.73±0.31 108±3 4.05±0.07
90 633±19 21.35±0.31 128±3 4.32±0.07
100 680±19 22.39±0.31 132±3 4.37±0.07
110 710±19 22.30±0.31 144±3 4.53±0.07
120 705±19 22.53±0.31 143±3 4.57±0.07
130 726±19 22.23±0.31 147±3 4.49±0.07
P-Value 0.6655 0.9741 0.8996 0.4769
Energy
High 675±8 21.81±0.13 134±1 4.36±0.03
Low 659±8 21.59±0.13 134±1 4.39±0.03
P-Value 0.1606 0.2210 0.7349 0.4681
Amino Acid %
80 514c±14 18.78c±0.22 109d±2 3.99c±0.05
90 633b±14 21.33b±0.22 128c±2 4.31b±0.05
100 697a±14 22.62a±0.22 134bc±2 4.36ab±0.05
110 713a±14 22.41a±0.22 142ab±2 4.48ab±0.05
120 727a±14 22.71a±0.22 145a±2 4.53a±0.05
130 719a±14 22.33a±0.22 147a±2 4.56a±0.05
P-Value <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 34: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Slow Growing Broilers at 42 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 212±4 7.67±0.07 659±14 23.82±0.26
90 222±4 7.49±0.07 685±14 23.14±0.26
100 232±4 7.43±0.07 692±14 22.12±0.26
110 239±4 7.55±0.07 711±14 22.43±0.26
120 247±4 7.55±0.07 733±14 22.39±0.26
130 245±4 7.73±0.07 716±14 22.58±0.26
Low
80 206±4 7.73±0.07 622±14 23.28±0.26
90 223±4 7.54±0.07 685±14 23.11±0.26
100 226±4 7.45±0.07 680±14 22.42±0.26
110 240±4 7.58±0.07 715±14 22.55±0.26
120 237±4 7.60±0.07 699±14 22.29±0.26
130 252±4 7.72±0.07 731±14 22.45±0.26
P-Value 0.3783 0.9987 0.3536 0.6988
Energy
High 233±2 7.57±0.03 699±6 22.75±0.11
Low 231±2 7.60±0.03 689±6 22.68±0.11
P-Value 0.3862 0.4377 0.1990 0.6682
Amino Acid %
80 209d±3 7.70a±0.05 641b±10 23.55a±0.18
90 222c±3 7.52ab±0.05 685a±10 23.13ab±0.18
100 229bc±3 7.44b±0.05 686a±10 22.27c±0.18
110 240ab±3 7.57ab±0.05 713a±10 22.49bc±0.18
120 242a±3 7.58ab±0.05 716a±10 22.34c±0.18
130 248a±3 7.72a±0.05 723a±10 22.52bc±0.18
P-Value <0.0001 0.0015 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
72
Table 35: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Fast Growing Broilers at 56 Days of Age
Carcass Abdominal Fat
Energy Amino Acid % Live Weight, g Weight, g Yield, % Weight, g Yield, %
High
80 4,333±108 3,357±81 77.49±0.33 106±5 2.44±0.09
90 4,710±108 3,672±81 77.98±0.33 101±5 2.13±0.09
100 4,857±108 3,802±81 78.26±0.33 87±5 1.81±0.09
110 4,842±108 3,787±81 78.25±0.33 86±5 1.79±0.09
120 4,836±108 3,786±81 78.30±0.33 77±5 1.57±0.09
130 4,711±108 3,715±81 78.87±0.33 67±5 1.43±0.09
Low
80 4,343±108 3,386±81 77.96±0.33 93±5 2.14±0.09
90 4,725±115 3,687±87 78.03±0.35 93±5 1.96±0.10
100 4,654±108 3,643±81 78.27±0.33 83±5 1.78±0.09
110 4,634±108 3,637±81 78.52±0.33 72±5 1.56±0.09
120 4,719±108 3,711±81 78.68±0.33 76±5 1.62±0.09
130 4,798±108 3,771±81 78.58±0.33 67±5 1.40±0.09
P-Value 0.6546 0.6502 0.8700 0.5790 0.4012
Energy
High 4,715±44 3,686±33 78.19±0.13 87a±2 1.86a±0.04
Low 4,646±45 3,639±34 78.34±0.14 81b±2 1.74b±0.04
P-Value 0.2661 0.3113 0.4394 0.0210 0.0322
Amino Acid %
80 4,338b±76 3,372b±57 77.73b±0.23 99a±3 2.29a±0.07
90 4,718a±79 3,680a±59 78.01ab±0.24 97ab±3 2.05ab±0.07
100 4,756a±76 3,722a±57 78.26ab±0.23 85bc±3 1.80bc±0.07
110 4,738a±76 3,712a±57 78.39ab±0.23 79cd±3 1.68cd±0.07
120 4,778a±76 3,748a±57 78.49ab±0.23 77cd±3 1.59cd±0.07
130 4,754a±76 3,743a±57 78.73a±0.23 67d±3 1.42d±0.07
P-Value 0.0006 <0.0001 0.0480 <0.0001 <0.0001
Values are LSMeans ± SEM
abcdMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 36: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Fast Growing Broilers at 56 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 877±34 20.18±0.35 185±5 4.28±0.06
90 1,019±34 21.58±0.35 206±5 4.38±0.06
100 1,091±34 22.39±0.35 206±5 4.25±0.06
110 1,074±34 22.12±0.35 214±5 4.42±0.06
120 1,092±34 22.58±0.35 219±5 4.53±0.06
130 1,051±34 22.31±0.35 211±5 4.49±0.06
Low
80 909±34 20.85±0.35 191±5 4.40±0.06
90 1,051±36 22.18±0.37 207±6 4.39±0.07
100 1,035±34 22.18±0.35 214±5 4.60±0.06
110 1,050±34 22.62±0.35 211±5 4.54±0.06
120 1,080±34 22.83±0.35 221±5 4.69±0.06
130 1,094±34 22.77±0.35 220±5 4.60±0.06
P-Value 0.6551 0.8250 0.8682 0.1704
Energy
High 1,034±14 21.86±0.14 207±2 4.39b±0.03
Low 1,037±14 22.24±0.14 211±2 4.54a±0.03
P-Value 0.9198 0.0641 0.2084 0.0001
Amino Acid %
80 893b±24 20.51b±0.25 188b±4 4.34c±0.04
90 1,035a±25 21.88a±0.25 206a±4 4.38bc±0.05
100 1,063a±24 22.28a±0.25 210a±4 4.43bc±0.04
110 1,062a±24 22.37a±0.25 212a±4 4.48abc±0.04
120 1,086a±24 22.70a±0.25 220a±4 4.61a±0.04
130 1,073a±24 22.54a±0.25 216a±4 4.55ab±0.04
P-Value <0.0001 <0.0001 <0.0001 0.0002
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 37: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Fast Growing Broilers at 56 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 327±7 7.57±0.08 1,036±21 23.92±0.28
90 351±7 7.47±0.08 1,084±21 23.03±0.28
100 366±7 7.54±0.08 1,131±21 23.28±0.28
110 364±7 7.53±0.08 1,110±21 22.99±0.28
120 361±7 7.46±0.08 1,119±21 23.16±0.28
130 358±7 7.61±0.08 1,121±21 23.86±0.28
Low
80 331±7 7.65±0.08 1,014±21 23.38±0.28
90 350±8 7.41±0.08 1,081±23 22.91±0.30
100 349±7 7.54±0.08 1,070±21 23.04±0.28
110 353±7 7.64±0.08 1,056±21 22.83±0.28
120 357±7 7.58±0.08 1,080±21 22.91±0.28
130 362±7 7.57±0.08 1,106±21 23.09±0.28
P-Value 0.6204 0.7790 0.7359 0.8314
Energy
High 354±3 7.53±0.03 1,100a±9 23.37a±0.11
Low 350±3 7.56±0.03 1,068b±9 23.03b±0.12
P-Value 0.3362 0.4458 0.0106 0.0337
Amino Acid %
80 329b±5 7.61±0.06 1,025b±15 23.65±0.20
90 351a±5 7.44±0.06 1,082ab±16 22.97±0.20
100 357a±5 7.54±0.06 1,101a±15 23.16±0.20
110 359a±5 7.59±0.06 1,083ab±15 22.91±0.20
120 359a±5 7.52±0.06 1,099a±15 23.04±0.20
130 360a±5 7.59±0.06 1,113a±15 23.47±0.20
P-Value 0.0002 0.3179 0.0017 0.0549
Values are LSMeans ± SEM
abMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 38: Effects of Amino Acid Concentration and Energy Level on the Carcass Weights and
Yields of Slow Growing Broilers at 56 Days of Age
Carcass Abdominal Fat
Energy Amino Acid % Live Weight, g Weight, g Yield, % Weight, g Yield, %
High
80 4,226±95 3,277±72 77.52±0.30 92±4 2.21±0.09
90 4,577±95 3,575±72 78.08±0.30 93±4 2.04±0.09
100 4,876±95 3,813±72 78.21±0.30 83±4 1.70±0.09
110 4,805±95 3,792±72 78.99±0.30 72±4 1.49±0.09
120 4,937±95 3,878±72 78.55±0.30 72±4 1.46±0.09
130 4,771±95 3,801±72 79.47±0.30 75±4 1.57±0.09
Low
80 4,139±95 3,179±72 76.88±0.30 84±4 1.99±0.09
90 4,420±95 3,459±72 78.24±0.30 85±4 1.93±0.09
100 4,591±95 3,618±72 78.80±0.30 78±4 1.70±0.09
110 4,603±95 3,624±72 78.75±0.30 68±4 1.47±0.09
120 4,679±95 3,678±72 78.64±0.30 67±4 1.45±0.09
130 4,656±95 3,672±72 78.91±0.30 65±4 1.40±0.09
P-Value 0.8879 0.9714 0.3008 0.9708 0.7646
Energy
High 4,699a±39 3,689a±29 78.47±0.12 81a±2 1.74±0.04
Low 4,515b±39 3,538b±29 78.37±0.12 74b±2 1.66±0.04
P-Value 0.0012 0.0005 0.5706 0.0031 0.1014
Amino Acid %
80 4,183c±67 3,228c±51 77.20c±0.21 88a±3 2.10a±0.06
90 4,499b±67 3,517b±51 78.16b±0.21 89a±3 1.99a±0.06
100 4,733ab±67 3,716ab±51 78.51ab±0.21 80ab±3 1.70b±0.06
110 4,704ab±67 3,708ab±51 78.87ab±0.21 70b±3 1.48b±0.06
120 4,808a±67 3,778a±51 78.59ab±0.21 70b±3 1.45b±0.06
130 4,713ab±67 3,736a±51 79.19a±0.21 70b±3 1.49b±0.06
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 39: Effects of Amino Acid Concentration and Energy Level on the Breast Meat Weights and
Yields of Slow Growing Broilers at 56 Days of Age
Breast Tenders
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 870±29 20.52±0.30 185±5 4.37±0.07
90 1,012±29 22.05±0.30 200±5 4.36±0.07
100 1,117±29 22.89±0.30 216±5 4.44±0.07
110 1,134±29 23.58±0.30 216±5 4.51±0.07
120 1,157±29 23.42±0.30 222±5 4.48±0.07
130 1,127±29 23.54±0.30 220±5 4.60±0.07
Low
80 836±29 20.07±0.30 183±5 4.44±0.07
90 981±29 22.16±0.30 197±5 4.46±0.07
100 1,059±29 23.02±0.30 207±5 4.51±0.07
110 1,072±29 23.24±0.30 210±5 4.57±0.07
120 1,076±29 22.96±0.30 210±5 4.48±0.07
130 1,088±29 23.34±0.30 217±5 4.66±0.07
P-Value 0.9533 0.8503 0.9235 0.9930
Energy
High 1,069a±12 22.66±0.12 210±2 4.46±0.03
Low 1,019b±12 22.47±0.12 204±2 4.52±0.03
P-Value 0.0033 0.2561 0.0539 0.1399
Amino Acid %
80 853c±21 20.29c±0.21 184c±4 4.41b±0.05
90 996b±21 22.10b±0.21 198bc±4 4.41b±0.05
100 1,088a±21 22.95ab±0.21 212ab±4 4.47ab±0.05
110 1,103a±21 23.41a±0.21 213ab±4 4.54ab±0.05
120 1,117a±21 23.19a±0.21 216a±4 4.48ab±0.05
130 1,107a±21 23.44a±0.21 219a±4 4.63a±0.05
P-Value <0.0001 <0.0001 <0.0001 0.0216
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Table 40: Effects of Amino Acid Concentration and Energy Level on the Wing and Leg Weights
and Yields of Slow Growing Broilers at 56 Days of Age
Wings Legs
Energy Amino Acid % Weight, g Yield, % Weight, g Yield, %
High
80 310±6 7.35±0.09 996±22 23.61±0.28
90 330±6 7.21±0.09 1,061±22 23.20±0.28
100 347±6 7.13±0.09 1,126±22 23.09±0.28
110 349±6 7.27±0.09 1,098±22 22.88±0.28
120 364±6 7.39±0.09 1,132±22 22.96±0.28
130 356±6 7.45±0.09 1,116±22 23.33±0.28
Low
80 300±6 7.29±0.09 969±22 23.59±0.28
90 324±6 7.36±0.09 1,013±22 22.95±0.28
100 334±6 7.27±0.09 1,062±22 23.15±0.28
110 339±6 7.38±0.09 1,059±22 23.01±0.28
120 342±6 7.32±0.09 1,099±22 23.53±0.28
130 336±6 7.23±0.09 1,077±22 23.16±0.28
P-Value 0.7776 0.2620 0.9730 0.7507
Energy
High 343a±3 7.30±0.04 1,088a±9 23.18±0.11
Low 329b±3 7.31±0.04 1,047b±9 23.23±0.11
P-Value 0.0005 0.8881 0.0014 0.7528
Amino Acid %
80 305c±5 7.32±0.06 982c±15 23.60±0.20
90 327b±5 7.29±0.06 1,037bc±15 23.07±0.20
100 340ab±5 7.20±0.06 1,094ab±15 23.12±0.20
110 344ab±5 7.33±0.06 1,078ab±15 22.94±0.20
120 353a±5 7.35±0.06 1,116a±15 23.24±0.20
130 346ab±5 7.34±0.06 1,096ab±15 23.24±0.20
P-Value <0.0001 0.5730 <0.0001 0.2706
Values are LSMeans ± SEM
abcMeans in group of rows not sharing a common superscript differ (P≤0.05)
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Figure 1: Average Weights of Fast Growing Male Broilers at 14 Days of Age
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Figure 2: Average Weights of Fast Growing Male Broilers at 35 Days of Age
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Figure 3: Average Weights of Fast Growing Male Broilers at 42 Days of Age
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Figure 4: Average Weights of Fast Growing Male Broilers at 56 Days of Age
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Figure 5: Average Weights of Slow Growing Male Broilers at 14 Days of Age
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Figure 6: Average Weights of Slow Growing Male Broilers at 35 Days of Age
l
l
l
l l
l
2.0
2.2
2.4
80 90 100 110 120 130
Amino acid content (%)
Av
e
ra
ge
 W
e
ig
ht
 G
ai
n 
(kg
/bi
rd)
Energy
l High
Low
81
Figure 7: Average Weights of Slow Growing Male Broilers at 42 Days of Age
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Figure 8: Average Weights of Slow Growing Male Broilers at 56 Days of Age
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Figure 9: Weight Gain of Fast Growing Male Broilers from 0 to 14 Days of Age
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Figure 10: Weight Gain of Fast Growing Male Broilers from 0 to 35 Days of Age
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Figure 11: Weight Gain of Fast Growing Male Broilers from 0 to 42 Days of Age
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Figure 12: Weight Gain of Fast Growing Male Broilers from 0 to 56 Days of Age
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Figure 13: Weight Gain of Fast Growing Male Broilers from 14 to 35 Days of Age
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Figure 14: Weight Gain of Fast Growing Male Broilers from 35 to 42 Days of Age
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Figure 15: Weight Gain of Fast Growing Male Broilers from 42 to 56 Days of Age
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Figure 16: Weight Gain of Slow Growing Male Broilers from 0 to 14 Days of Age
l
l
l l
l
l
0.27
0.30
0.33
0.36
80 90 100 110 120 130
Amino acid content (%)
Av
e
ra
ge
 W
e
ig
ht
 G
ai
n 
(kg
/bi
rd)
Energy
l High
Low
Figure 17: Weight Gain of Slow Growing Male Broilers from 0 to 35 Days of Age
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Figure 18: Weight Gain of Slow Growing Male Broilers from 0 to 42 Days of Age
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Figure 19: Weight Gain of Slow Growing Male Broilers from 0 to 56 Days of Age
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Figure 20: Weight Gain of Slow Growing Male Broilers from 14 to 35 Days of Age
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Figure 21: Weight Gain of Slow Growing Male Broilers from 35 to 42 Days of Age
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Figure 22: Weight Gain of Slow Growing Male Broilers from 42 to 56 Days of Age
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Figure 23: Feed:Gain of Fast Growing Male Broilers from 0 to 14 Days of Age
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Figure 24: Feed:Gain of Fast Growing Male Broilers from 0 to 35 Days of Age
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Figure 25: Feed:Gain of Fast Growing Male Broilers from 0 to 42 Days of Age
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Figure 26: Feed:Gain of Fast Growing Male Broilers from 0 to 56 Days of Age
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Figure 27: Feed:Gain of Fast Growing Male Broilers from 14 to 35 Days of Age
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Figure 28: Feed:Gain of Fast Growing Male Broilers from 35 to 42 Days of Age
l
l
l
l l l
1.80
1.85
1.90
1.95
2.00
80 90 100 110 120 130
Amino acid content (%)
Fe
e
d:
G
ai
n Energy
l High
Low
93
Figure 29: Feed:Gain of Fast Growing Male Broilers from 42 to 56 Days of Age
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Figure 30: Feed:Gain of Slow Growing Male Broilers from 0 to 14 Days of Age
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Figure 31: Feed:Gain of Slow Growing Male Broilers from 0 to 35 Days of Age
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Figure 32: Feed:Gain of Slow Growing Male Broilers from 0 to 42 Days of Age
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Figure 33: Feed:Gain of Slow Growing Male Broilers from 0 to 56 Days of Age
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Figure 34: Feed:Gain of Slow Growing Male Broilers from 14 to 35 Days of Age
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Figure 35: Feed:Gain of Slow Growing Male Broilers from 35 to 42 Days of Age
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Figure 36: Feed:Gain of Slow Growing Male Broilers from 42 to 56 Days of Age
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Figure 37: Feed Intake of Fast Growing Male Broilers from 0 to 14 Days of Age
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Figure 38: Feed Intake of Fast Growing Male Broilers from 0 to 35 Days of Age
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Figure 39: Feed Intake of Fast Growing Male Broilers from 0 to 42 Days of Age
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Figure 40: Feed Intake of Fast Growing Male Broilers from 0 to 56 Days of Age
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Figure 41: Feed Intake of Fast Growing Male Broilers from 14 to 35 Days of Age
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Figure 42: Feed Intake of Fast Growing Male Broilers from 35 to 42 Days of Age
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Figure 43: Feed Intake of Fast Growing Male Broilers from 42 to 56 Days of Age
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Figure 44: Feed Intake of Slow Growing Male Broilers from 0 to 14 Days of Age
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Figure 45: Feed Intake of Slow Growing Male Broilers from 0 to 35 Days of Age
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Figure 46: Feed Intake of Slow Growing Male Broilers from 0 to 42 Days of Age
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Figure 47: Feed Intake of Slow Growing Male Broilers from 0 to 56 Days of Age
l
l l
l
l l
7.00
7.25
7.50
7.75
80 90 100 110 120 130
Amino acid content (%)
Fe
e
d 
In
ta
ke
 (k
g/b
ird
)
Energy
l High
Low
104
Figure 48: Feed Intake of Slow Growing Male Broilers from 14 to 35 Days of Age
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Figure 49: Feed Intake of Slow Growing Male Broilers from 35 to 42 Days of Age
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Figure 50: Feed Intake of Slow Growing Male Broilers from 42 to 56 Days of Age
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Figure 51: Average Live Weights Before Slaughter of Fast Growing Male Broilers Processed at 35
Days of Age
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Figure 52: Average Chilled Carcass Weights of Fast Growing Male Broilers Processed at 35 Days
of Age
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Figure 53: Average Breast Weights of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 54: Average Tender Weights of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 55: Average Wing Weights of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 56: Average Leg Weights of Fast Growing Male Broilers Processed at 35 Days of Age
l
l
l l
l
l
525
550
575
600
80 90 100 110 120 130
Amino acid content (%)
Av
e
ra
ge
 W
e
ig
ht
 (g
)
Energy
l High
Low
109
Figure 57: Average Chilled Carcass Yields of Fast Growing Male Broilers Processed at 35 Days
of Age
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Figure 58: Average Breast Yields of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 59: Average Tender Yields of Fast Growing Male Broilers Processed at 35 Days of Age
l
l
l l l
l
3.6
3.8
4.0
80 90 100 110 120 130
Amino acid content (%)
Pe
rc
e
n
ta
ge
 o
f L
ive
 W
e
ig
ht
Energy
l High
Low
Figure 60: Average Wing Yields of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 61: Average Leg Yields of Fast Growing Male Broilers Processed at 35 Days of Age
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Figure 62: Average Live Weights Before Slaughter of Slow Growing Male Broilers Processed at
35 Days of Age
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Figure 63: Average Chilled Carcass Weights of Slow Growing Male Broilers Processed at 35 Days
of Age
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Figure 64: Average Breast Weights of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 65: Average Tender Weights of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 66: Average Wing Weights of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 67: Average Leg Weights of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 68: Average Chilled Carcass Yields of Slow Growing Male Broilers Processed at 35 Days
of Age
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Figure 69: Average Breast Yields of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 70: Average Tender Yields of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 71: Average Wing Yields of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 72: Average Leg Yields of Slow Growing Male Broilers Processed at 35 Days of Age
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Figure 73: Average Live Weights Before Slaughter of Fast Growing Male Broilers Processed at 42
Days of Age
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Figure 74: Average Chilled Carcass Weights of Fast Growing Male Broilers Processed at 42 Days
of Age
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Figure 75: Average Abdominal Fat Weights of Fast Growing Male Broilers Processed at 42 Days
of Age
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Figure 76: Average Breast Weights of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 77: Average Tender Weights of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 78: Average Wing Weights of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 79: Average Leg Weights of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 80: Average Chilled Carcass Yields of Fast Growing Male Broilers Processed at 42 Days
of Age
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Figure 81: Average Abdominal Fat Yields of Fast Growing Male Broilers Processed at 42 Days of
Age
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Figure 82: Average Breast Yields of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 83: Average Tender Yields of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 84: Average Wing Yields of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 85: Average Leg Yields of Fast Growing Male Broilers Processed at 42 Days of Age
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Figure 86: Average Live Weights Before Slaughter of Slow Growing Male Broilers Processed at
42 Days of Age
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Figure 87: Average Chilled Carcass Weights of Slow Growing Male Broilers Processed at 42 Days
of Age
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Figure 88: Average Abdominal Fat Weights of Slow Growing Male Broilers Processed at 42 Days
of Age
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Figure 89: Average Breast Weights of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 90: Average Tender Weights of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 91: Average Wing Weights of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 92: Average Leg Weights of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 93: Average Chilled Carcass Yields of Slow Growing Male Broilers Processed at 42 Days
of Age
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Figure 94: Average Abdominal Fat Yields of Slow Growing Male Broilers Processed at 42 Days
of Age
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Figure 95: Average Breast Yields of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 96: Average Tender Yields of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 97: Average Wing Yields of Slow Growing Male Broilers Processed at 42 Days of Age
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Figure 98: Average Leg Yields of Slow Growing Male Broilers Processed at 42 Days of Age
l
l
l
l l
l
22.0
22.5
23.0
23.5
24.0
80 90 100 110 120 130
Amino acid content (%)
Pe
rc
e
n
ta
ge
 o
f L
ive
 W
e
ig
ht
Energy
l High
Low
132
Figure 99: Average Live Weights Before Slaughter of Fast Growing Male Broilers Processed at 56
Days of Age
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Figure 100: Average Chilled Carcass Weights of Fast Growing Male Broilers Processed at 56 Days
of Age
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Figure 101: Average Abdominal Fat Weights of Fast Growing Male Broilers Processed at 56 Days
of Age
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Figure 102: Average Breast Weights of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 103: Average Tender Weights of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 104: Average Wing Weights of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 105: Average Leg Weights of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 106: Average Chilled Carcass Yields of Fast Growing Male Broilers Processed at 56 Days
of Age
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Figure 107: Average Abdominal Fat Yields of Fast Growing Male Broilers Processed at 56 Days
of Age
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Figure 108: Average Breast Yields of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 109: Average Tender Yields of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 110: Average Wing Yields of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 111: Average Leg Yields of Fast Growing Male Broilers Processed at 56 Days of Age
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Figure 112: Average Live Weights Before Slaughter of Slow Growing Male Broilers Processed at
56 Days of Age
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Figure 113: Average Chilled Carcass Weights of Slow Growing Male Broilers Processed at 56
Days of Age
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Figure 114: Average Abdominal Fat Weights of Slow Growing Male Broilers Processed at 56 Days
of Age
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Figure 115: Average Breast Weights of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 116: Average Tender Weights of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 117: Average Wing Weights of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 118: Average Leg Weights of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 119: Average Chilled Carcass Yields of Slow Growing Male Broilers Processed at 56 Days
of Age
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Figure 120: Average Abdominal Fat Yields of Slow Growing Male Broilers Processed at 56 Days
of Age
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Figure 121: Average Breast Yields of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 122: Average Tender Yields of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 123: Average Wing Yields of Slow Growing Male Broilers Processed at 56 Days of Age
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Figure 124: Average Leg Yields of Slow Growing Male Broilers Processed at 56 Days of Age
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  MEMORANDUM  
 
 
TO:    Dr. Susan Watkins 
 
FROM:    Craig N. Coon, Chairman  
 Institutional Animal Care and Use Committee  
 
DATE:    June 6, 2014  
 
SUBJECT:   IACUC APPROVAL  
 Expiration date 7-1-2017 
 
The Institutional Animal Care and Use Committee (IACUC) has APPROVED your protocol 
14051: “EVALUATION OF METHODS USED TO IMPROVE THE GROWTH EFFICIENCY  
AND CARCASS CHARACTERISTICS OF MEAT BIRDS” .   
 
In granting its approval, the IACUC has approved only the information provided. Should  
there be any further changes to the protocol during the research, please notify the     
IACUC  in writing(via the Modification form) prior to initiating the changes. If the study 
period is expected to extend beyond July 1, 2017 you must submit a new protocol 
approval. By policy the IACUC cannot approve a study for more than 3 years at a time. 
 
 The IACUC appreciates your cooperation in complying with University and Federal 
  guidelines involving animal subjects. 
 
 
 
 CNC/aem 
 
 cc: Animal Welfare Veterinarian 
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